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ABSTRACT 


These  instructor  and  student'  materials  for  a 
postsecondary  level  course  f or^ardiopulmonary  laboratory  specialist 
training  comprise  one  of  a  number  of  military-developed  curriculum 
packages  selected  for  adaptation  to  vocational  instruction  and 
curriculum  development  in  a  civilian  setting.  The  purpose  stated  for 
the  course  is  to  train  students  to  assist  cardiologists  and  pulmonary 
physiologists  in  examining,,  evaluating,  diagnosing,  and  treating  » 
cardiopulmonary  diseases  and  injuries.  Basic  math'skills  and 
background  i*n  biology  and  chemistry  are  required  for  this  specialty 
course  for  students  with  basic  medical  .laboratory  training  and 
experience.  The  two  blocks  of  instruction  are  Cardiology  and 
Pulmonary  Medicine.  Skills  taught  include  diagnostic  and  therapeutic 
procedures,  such  as  administering  electrocardiograms, 
phonocardiograms,  vectorcardiograms,  stress  tests,  and  bipod  gas 
analysis.  Anatomy,  physiology,  medical  terminology,  care  of 
cardiovascular  disorders,  and  inhalation  therapy  are  among  the  major 
areas  of  study.  Instructor  materials  consist  of  as  course  chart  and  a 
plan  of  instruction  detailing  the  units  of  instruction,  criterion 
objectives,  lesson  duration,  and  support  materials  needed.  Student 
materials  for  blocks  1  and  2  are  16  study  guides,  16  programed  texts, 
and  three  handouts.  Several  commercial  texts  and  audiovisual  aids  are 
recommended  but  are  not  provided.   ( YLB) 
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^^XITARl^  curriculum  materials 


The  militaiy-devBloped^cajmdcwlum  materials  in  this  course 
package  'were  selected  by  the  National  Center  for  Research-^Ji 
Vocational  "Education  Military  Curriculum  Project  for  disserS- 
ination  to.  the  six  regional  Curriculum  Coordination  Centers  and 
other  instructional  materials  agencies*   The  purpose  of 
dx^eininating  th^S^  courses  was  '  to  make  curridblum  materials  - 
developed  by  the  military  more  accessible  to  vpcati< 
educators  in  the  civilian  setting. 


The  course  materials  were  acquired,  evaluated  iSy  project 
staff  and  practitioners  in  the  field,  and  prepared  for 
dissemination.    Materials  which  wej?e  specific  to  the  nilitary'  • 
were  deleted  ,  copyrighted  materials  were  either  emitted  or  appro- 
val for  their  use  was  obtained.    These  course  packages  contain 
curriculum  resource  materials  which  can  be  adapted  to  support 
vocational  instruction  and  oirxiculum  development.  * 
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The  National  Center 
Mission  Statement 


The  National  Center  far  Research  in 
Vocational  Education's  mission  is  to  increase 
the  ability  of  diverse  agencies,  institutions, 
and  organizations  to  solve  educational  prob- 
lems relating  to  individual  career  planning,  ' 
preparation,  jnd  progression.  The  National 
Center  fulfills  its  mission  by: 

*  J? 

•  Generating  knowledge  through  research 

•  Developing  educational  programs  and 
products 

•  Evaluating  individual  program  needs 
and  outcomes 

•  Installing  educational  programs  and 
products 


Operating  informatior?systems  and 
services 

Conducting  leadership  development  and 
training  programs 
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The  National  Center  for  Research  in  Vocational 

Education 
The  Ohio  State  University 
I960  Kenny  Road.  C&umbus,  Ohio  43210 
Telephone:  614/486-3655  or  Toll  Free  800/ 
848  4815  within  the  continental  U.S. 
(except  Ohio)  ,  < 
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an  activity  to  increase  the  accessibility  of  f 
military  developed  curriculum  njaterials  to 
vocational  and  technical  educators. 

This  project,  funded  by  the  U.S.  GJfice  of 
Education,  includes  tMe  ideniiftcation.and 
acquisition  of  curriculum  materials  in  print 
form  from  the  Coast  Guard,  ftir  f^orce, 
An^y,  Marine  Corps  and  Navy. 

Access  to  military  curriculuni  materials  is 
provided  through  a  "Jou^t  Memorandum  of 
>  Understanding"  between  the  U.S.  Office  of- 
Education  and  the.  Department  of  Defense'. 

The  acquired  rrtatertals  are  reviewed  by  staff 
and  subject  matter  specialists,  and  courses 
dceingd  applicable  to  vocational  and  tech- 
nical education  are  selected  for  dissemination. 

Thet*  National  Center  for  Research,  in 
Vocational  Education  is  the  U.S.  Office  of 
Education's  designated  representative  to 
acquire  the  materials  and  conduct  the  project' 
activities.  V 

Project  Staff:  -  '     .  ' 

iVesley  E.  fiucike,  Ph.D..  Director  w 
National  Cenler  Clearinghouse 

Shirley  A.  Chase,  Ph.D. 
Project  Director 
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One  hundred  twenty  courses  on  mfcrofiche 
(thirteen  in  paper  form)  and& descriptions  of 
each  have  been  provided  to  the  vocational 
Curriculum  Coordination  Centers  and  other 
instructional  materials  agencies  for  dissemi- 
nation. * 

Course  materials  include  programmed 
instruction,  curtjculum  outlines,  instructor 
guides,  student  v^orkbooks  apd  technical 
manuals.  1  % 

The  120  cQiirses  represent  the  following 
sixteen  vocational' subject  area?: 


Agriculture 
Aviation 
Building  & 

Construction  * 

Trades 
Clerical 

Occupations 
CommGnicatioris 
Dialling 
Electrtfnics 
Engine  Mechanics 


Food  Service 
Health 

Heating  &  Air 
Conditioning 
Machine  Shop 
Management  & 

Supervision 
Meteorology  & 

Navigation 
Photography 
Public  Service 


The  number  of  courses  and  thg  subject  areas 
^represented  will  expand  as  additional  mate-  ■ 
rials  with  application  to  vocational  ,and 
technical  education  are  identified  and  selected 
for  dissemination. 


How  Can  These    ,  f 
Materials  Obtained? 


Contact  the  Curricujpm  Coordination  Center 
,in  your  region  lor  information  on  obtaining 
materials  (e.g.,  availability  and  cost)-  They 
will  respond  io  your  request  directly  or  refer 
you  to  an  instructional  materials  agency 
closer  to  you. 
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Expires  July  1^1978 


Course  Description: 

This  course  is  design  edcto  train  students  to  assist  cardiologists  and  pulmonary  physiologists  in  examining^evaluating,  diagnosing,  and  treating  cardio- 
pulmonary diseases  an£  injuries.  Students  are  taught  to  perform  a  wide  range  of  diagnostic  and  therapeutic  procedures,  sucr^as  administeringfelectro- 
cardiograms,  phonocardiograms,  vectorcardiograms,  stress  tests,  and  blood  gas  analysis.  Anatomy,  physiology,  medical  terminology,  care  of  cardiovascular 
disorders,  and  inhalation, therapy  are  among  the  major  areas  of  study.  This  course  requires  basic  math  skills,  and  background  in  biology  and  chemistry. 
It  was  designed  as  a  specialty  course  for  students  with  basic  medical  laboratory  training  and  experience,  however  it  does  present  refresher  materia!  and 
contains  several  programmed  texts  on  math  skills.  This  coarse  is  divided  into  three  blocks  containing  98  hours  of  instruction. 

Block  I     —       Cardiology  contains  eleven  lessons  covering  1 18  hours  of  instruction.  Printed  materials  include  nine  study  guide/workbooks,  eight 
•  programmed  texts,  and  two  handouts.  Lesson  topics  and  hours  follow:  * 

Cardiovascular  Anatomy  and  Physiology  (7  hours  classroom,  2  hours  laboratory) 

Cardiovascular  Diseases  (14  hours  classroom,  4  hours  laboratory)   %  * 

Basic  Physics  and  Electronics  (6  hours  classroom,  2  hours  laboratory)  ,  N         ■     .  * 

Electrocardiography  I  (3  hours  classroom)  . 

Electrocardiography  II  (10  hours.classroom,  4  hours  laboratory)  ^  *  9 

Cardiac  Drugs  (8  hours  classroom,  4  hours  laboratory) 

Cardiac  Vectors  (6  hours  classroom)  ■  * 

Phonocardiography  and  Heart  Sounds  (4  hours  classroom) 
Arrhythmia  Interpretation"  (22  hours  classroom,  10  hours  laboratory) 

Treatment  of  Arrhythmiasi^hours  classroom,  2  hours  laboratory)  » 
Cardiac  Catheterization  (1  hour  classroom)  , 

•  '  t 

Block  II    —       PtXimonary  Medicine  contains  eleven  lessons  covering  106  nours  of  instruction.  Printed  materials  include  seven  study  guides/workboOks, 
eight  programmed  texts,  and  one  handout. 

*  -v 

Respiratory  Anatomy  arra  Physiology  (14  hours  classroom,  4  hours  laboratory)  * 
Respiratory  Disorders  (9  hours  classroom,  4  hours  laboratory) 

Respiratory  Drugs  (3  hofurs  classroom,  2  hours  laboratory)  .*  '  *  ' 

^       Gas  Laws  (7  hours  classroom,  2  hours  laboratory) 

Slide  Rules  and  Nomograms  (4  hours  classroom)  -  ,  > 

Spirometer  (2  hours  classroom)  4  ... 

>  v  v^.  ■  - 

Acid  Base  Balance  1(10  hours  classroom,  4  hours  laboratory)  ,  ' 

Pulmonary  Function  Studies  (12  hours  classroom,  4  hours  laboratory) 
v    Acid  Base  Balance  II  (10  hours  classroom,  4  hourslaboratory) 

BJood  Gas  Studies  (7  hours  classroom,  2  hours  laboratory)  ^  w  * 

Postural  Drainage  (2  hours  classroom) 

Block  III  —      ^ritroduction  to  Respiratory  Therapy  contains  fifteen  lessons  covering  74  hours  of  instruction.  Printed  materials  consist  of  lesson  plans 
k    and  references  only.  Q  y 

,     „   .      _   .  ,  •    Block  III  is  not  included  in  this  document. 

Introduction  to  Respiratory  Therapy  (1  hour  classroom) 

Safe  Use  of  Medical  Gases  (3  hours  classroom,  2  hours  laboratory)  ~  4 

■  <"       Humidification  and  Aerosol  Therapy  (3 "hours  classroom)  .  i  ^  ' 

Intermittent  Positive  Pressure^  Breathing  (I PPB)  (5  hours  classroom)  2  hours  laboratory)  ( 
Pediatric  Ventilation  (1  hour  classroom)  *  -i\  >' 

Indications  for  the  Use  of  Oxygen  (2  hours  of  classroom,  2  hours  laboratory)  *  ;v 

Oxygen.  Equipment  (3  hours  classroom)  ,  m  ' 

Management  of  the  Comatose  Patient  (1  hour  classroom.)  '  v  V 

Respirators  I  (9  hours  classroom,  4  hours  laboratory^ 
Intubation  (2  hours  classroom). 

Respirators  M  (8  hours  classroom,  4  hours  laboratory^  »  >;-.*{ 

Post  Operative  Complications  (2  hours  classroom)  <  V\ 

Sterilization  of  Equipment  (4  hours  classroom,  2  Hours  laboratory)  ■  /  \\ 

Prolonged  Artif ical  Ventilation  (4  hours  classroom,  2  hours  laboratory)  £  -A 

Respirator  Maintenance  (8  hburs  classroom)  ,  '  :\  . 

'  \.  Xf 

This  course  contains  both  teacher  and  student  materials.  Printed  instructor  materials  consist  of  a  course  chart;  a  Specialty  Training  Standard;  and  a  plan  of 
instruction  detailing  the  units  of  instruction,  criterion  objectives,  duration  of  the  lesson,  and  support  materials  needed.  The  student  materials  provided  are 
study  guides/ workbooks,  handouts,  and  programmed  texts.  Some  of  the  programmed  texts  were  deleted  because  they  contained  copyrighted  materials. 
Several  commercial  texts  are  recommended  for  use  with  this  course,  these  are  not  provided  in  this  package. 

Various  audiovisual  aids  are  also  recommended  for  this  course  but  they  are  not  provided.  The  audiovisuals  consist  of  slides,  transparencies,  f ilmstrips 
with  tapes  or  cassettes,  and  sound  tapes. 
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NOTEs  Inf  ludm  11—  apwif  «f  Nthteil  ttnlnlnn  (TT)  («l«ttr*«n/1ito««y  (GO.)  mi  cantnlMMntnry  technical  training  (CTT))aml  minted 
ttninlitt  (RT).  Ea«ki««  thnn  •nant  «n  InaWUwnl  •••latent*  (rnamnlal  Inttructlnn).  A  slnfl*  «itty  «l  linn  shnnn  far  n  wilt  I*  C/L  Man. 
,''  WK«w  n  anunla  nntty  l»  thnon.  tKn  taaann1  anttv  1*  CTT  Win. 

"NvHWS  PER 

.  ;         1|                 2|                 3|                 4|                 5|              •  «l                  7,  1 

3 

4(,8/5)v 

Course  Material-  UNCLASSIFIED             *     124  Hours  TT 
BLOCK  I  -  Cardiology 

Welcome  and  Orientation  (2  hrs);  Cardiovascular  Anatomy 
and  Physiology  (7/2  hrs);  Cardiovascular  Diseases 
(14/4  hrs);;  Basic  Physics  and  Electronics  (6/2  hrs); 
Electrocardiography  I  (3  hrs);  Electrocardiography  II 
(10/4  hrs);  Cardiac  Drugs  (8/4  hrs);  Cardiac  Vector's 
(6  hrs);  Phonocardiography  and  Heart  Sounds  (4  hrs); 
Arrhythmia  Interpretation  (22/10  hrs);  Treatment  of  Arrh> 
thmias  (9/2  hrs);  Cardiac  Catheterization  (1  hr); 
Measurement  Test  and  Test  Critique  (4  hrs) 

96  Hours  C/L 

2  Hours  RT 

§ 
i 
i 

•    28  Hours  CTT 
i 

1 

1 
1 
1 

1 

4(4.2/5) 

■  5  .  . . 
6(4.8/5) 

Course  Material  -  UNCLASSIFIED                   110  Hours  TT 
BLOCK  II  -  Pulmonary  Medicine  * 

Respiratory. Anatomy  and  Physiology  (14/4  hrs); 
Respiratory  Disorders  (9/4  hrs);  Respiratory  Drugs 
(-3/2  hrs);  Gas  Laws1  (7/2  hrs);  Slide  Rules  and  Nomograms 
(4  hrs);  Spirometer  (2  hrs);  Add  Base  Balance  I 
(10/4  hrs);  Pulmonary  Function  Studies  (12/4  hrs); 
Acid  Base  Balance  II  (10/4  hrs);  Blood  Gas  Studies 
(7/2  hrs);  Postural  Drainage  (2.  hrs);  Measurement  Test 

and  Test  Critique  (4  hrs) 

■ ..  • 

84  Hours  C/L 

2  Hours  RT 

i 
i 
i 
i 

■    26  Hours  CTT  A 
i 

i 
i 
i 
i 

6(.2/5) 

7 

8 

Course  Material  -  UNCLASSIFIED                V    78  Hours  TT 
BLOCK  III  -  Introduction  to  Respiratory 

Therapy  '  *°  ? 

Introduction  to  Respiratory  Therapy  (1  hr);  Safe  Use  of  1 
Medical  Gases  (3/2  hrs);  Humidifi cation  and  Aerosol  1 
Therapy  (3  hrs);  Intermittent  Positive  Pressure  Breath-  1 
ing  (IPPB)  (5/2  hrs);  Pediatric  Ventilation  (1  hr);  ' 
Indications  for  the  Use  of  Oxygen  (2/2  hrs);  Oxygen  » 
Equipment  (3  hrs);  Management  of  the  Comatose  Patient  1 
(l.hr);  Respirators  I  (9/4  hrs);  Intubation  (2  hrs);  • 
Respirators  I„J  (8/4  hrs);  Post  Operative  Complications  1 
(2  hrs);  Sterilization  ijf  Equipment  (4/2  hrs);  Pro- 
longed Artificial  Ventilation  (4/2  hrs);  Respirator 
Maintenance  (8  hrs);  Measurement  Test  and  Test  Critique 
(3  hrs);  Course  Critique  and  Graduation  (1  hr) 

60  Hours  C/L 

i 
i 

- 

! 

18  Hours  CTT 
4  Hours  RT 

• 
1 
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CARDIOPULMONARY  LABORATORY  SPECIALIST 

AND  1 
CARDIOPULMONARY  LABORATORY  TfcCHN IC  IAN 

v 

1.  Purpose  of  this  Specialty  Training  Standard  (STS).    As  prescribed  in  AFR  8-13,  this  STS: 

a.  States  in  column  1  of  attachment  1  the  tasks,  knowledges,  and  study  references  (SR)  neces- 
sary for  airmen  to  perform  duties  in  the  Cardiopulmonary  Laboratory  ladder  of  the  Airman  Medical 
Career  Field,    these  are  based  on  Specialty  Descriptions  effective  1  March  1970  in  AFM  39-1. 

b.  Indicates  in  columns  2A  and  A A  of  attachment  1  the  minimum  proficiency  recommended  for 
each  task  or  knowledge  for  qualification  at  the  3  and  7  skill  levels  of  AFSCs.    AFM  50-23  is  the 
authority  to  change  the  proficiency  level  during  JPG  development  when  the  local  requirement  is 
different  from  the  skill  level  shown  in  this  STS, 

c.  Shows  in  column  2A  of  attachment  1  the  proficiency  attained  in  Courses  3ALR91630  (PDS  Code 
P1V)  and  5AL091630-1  (£DS  Code  Plff)  described  in  AFM  50-5.    Proficiency  code  for  the  minimum 
proficiency  recommended  for  the  3  skill  level  AFSC  and  the  proficiency  attained  in  the  courses 

are  the  same  except  when  dual  codes  are  entered.  When  dual  codes  are  entered  the  second  code  shows 
the  proficiency  attained  in  the  courses.  The  task  knowledge  levels  in  column  2A  of  paragraph*  8  are 
attained  in  course  3ALR91630  while  the  task  performance  levels*  art  attained  in  course  5AL091630-1* 

d.  Provides  basis  for  supervisors  to  plan  and  conduct  individual  OJT  programs. 

e.  Provides  a  convenient  record  of  on-the-job  training  completed  when  inserted  in  AF  Form  623. 
"  On-The-Job  Training  Record,"  and  maintained  in  accordance  with  AFM  50-23. 

f.  Defines  the  knowledge  requirements  covered  by  Specialty  Knowledge  Tests  in  the  Weighted 
Airman  Promotion  System. 

2.  Proficiency  Code  Key.  Attachment  1  contains  the  Proficiency  Code  Key  used  to  show  proficiency 
level, 

3.  Career  Development  Channel  of  OJT.    Personnel  training  to  AFSC  91670  will  obtain  knowledge 
training  by  using  applicable  study  references  listed  in  this  STS  and  fulfill  management  training 
requirements  specified  in  AFM  50-23.     (See  ECI  Catalog  and  Guide,  chapter  3,  paragraph  3-5,  for 
current  CDC  identification  number  for  ordering  purposes.) 

4.  Stiidy  Guidance  for  Weighted  Airman  Promotion  System  (WAPS).    Specialty  Knowledge  Tests  (SKTsl 
for  promotion  to  E-5  are  based  on  5  skill  level  knowledge  requirements.    SKTs  for  promotion  to 
E-6  and  £-7  are  based  on  7  ski31  level  knowledge  requirements.    SKT  questions  are  based  primarily 
on  Career  Development  Courses  (CDCs).    However*  some  questions  may  be  drawn  from  other  references  a 
listed  in  this  Specialty  Training  Standard,    The  CDCs  for  SKT  study  are  maintained  in  the  WAPS 
Study  Reference  Library.    Other  references  listed  should  be  available  in  the  work  area.  Individual 
recpons: Dili ties  are  outlined  in  AFU  35-8,  chapter  19,  paragraph  19 -3g. 

5.  Recommendations,    Report  to  ATC/SG  unsatisfactory  performance  of  individual  graduates  or 
inadecuacies  of  this  STS.     Refer  to  specific  paragraphs  of  this  STS.     See  AFR  50-33. 

B*  ORDER  OF  THE  SECRETARY  OF  THE  AIR  FORCE 


OFFICIAL 


JACK  R.  BENSON,  Colonel,  USAF 
Director  of  Administration 


DAVID  C.  JONES)  General,  USAF 
Chief  of  Staff 


1  Attachment 

Qualitative  Requirements 


Supersedes  STS  916X0,  21  July  1972,  and  Change  1,  20  March  1974. 
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1 

•* 

-* 

STS  916X0 

MIS  BLOCK  IS  FOR  WF.STIFICAI ION  PURPOSES  OX/.V 

TRAINEE 

namC 

INITIALS  flu  Vrifincl 

GRADE 

ORGANIZATION 

IMMEDIATE  SUPERVISOR'S  NAM  €  AND  INITIAL  SUn  Wnttns) 

N  1 

N/l 

N  1 

QUALITATIVE  REQUIREMENTS 


\ 


PfcOFICIENCY  CODE  KEY 

SCALE 
VALUE 

DEFINITION:  The  individuol 

UJ 

1 

Can  do  simple  ports  of  the  tosk.  fleeds  to  be  told  or  shown  how  to  da  mast  of  the  task. 
{EXTREMELY  LIMITED)  ' 

U 
z  ■ 
<  «/> 

v  2  -1 
2n  CE  £ 

2 

Con  do  most  parts  of  the  tosk.  Needs  help  only  on  hordest  ports.  Moy  not  meet  local  demands  for 
speed  or  accuracy.  (PARTIALLY  PROFICIENT) 

<  o  > 
K  u.  w 
cr  -J 

UJ 

3 

Can  da  oil  ports  of  the  tosk.  Needs  only  df  spat  check  of  completed  work.  Meets  minimum  locol 
demonds  for  speed  ond  accuracy,  (COMPETENT) 

a. 

4 

Con  do  the  complete  task  quickly  ond  occurotely.  Con  tell  of  show  others  how  to  do  the  task. 
(HIGHLY  PROFICIENT) 

0 

Can  name  ports,  tools,  and  simple  focts  o.bout  the  tosk.  (NOMENCLATURE) 

iSK  , 
LEDGE 
ELS 

b- 

Con  determine  step  by  step  procedures  for  doing  the  tosk.  (PROCEDURES) 

•  z 

c 

Con  exploin  why  and  when  the  tosk  must  be  done  ond  why  each  step  is  needed. 
(OPERATING  PRINCIPLES)                                            •  / 

d 

Con  predict,  identify,  and  resolve  problems  about  the  tosk.  (COMPLETE  THEORY) 

A 

Con  identify  bosic  focts  and  terms  about  the  subject.  (FACTS) 

*  2  -» 
a  _)  ^ 

B 

Con  exploin  relationship  of  basic  facts  and  state  general  principles  about  the  subject. (PRINCt PL ES} 

.   z  J 
•  * 

O 

Con  onolyze  focts  ond  principles  and  draw  conclusions  about  the  subject.  (ANALYSIS) 

D 

Con  evaluote  conditions  ond  make  proper  decisions  about  the  subject.  (EVALUATION) 

-  EXPLANATIONS  - 

*   A  tosk  knowledge  scoie  value  may  be  used  olone  or  with  a  task  performance  scale  value  to  define  o  level  of 

knowledge  for  a  specific  task.  (Exomples:  b  and  lb) 
•*   A  subject  knowledge  scale  value  is  used  alone  to  define  a  level  of  knowledge  for  a  subject  not  directly  related  to 

any  specific  task,  or  for  a  subject  common  to  several  tosks. 
-  This  mark  is  used  olone  insteod  of  o  scale  value  to  show  that  no  proficiency  training  is  provided  in  the  course, 

or  thot  no  proficiency  is  required  at  this  skill  level. 
X    This  mark  is  used  alone  in  course  columns  to  show  thot  training  is  not  given  due  to  limitations  in  resources. 
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tasks,  knowledges 
ano  study  references 


AFSC/C" 


PROFICIENCY  LEVEL,  PROGRESS  RECORO  ANO  CERTIFICATION 


3  Skill  Laval 


04T 
%Htf4 


Oct*  Carnal  atW 
4  Trainaa*s 

Initial  • 


5  Skill  Laval 


AFSC 


Data 

OJT 


Data  Camalatva 
4  Trataaa'i 
Suparvitar1! 
Initial* 


7  SkilPLaval 


AFSC/Os 


Data 

OJT 
Starr** 


Data  Canal  *»a* 
4  Tr*tnaa*s 
Suaarvi  iaV  • 
Inlflala 


NUTI    I:    Users  may  annotate  lists  c»l  SKs 


to  iden 


ify  ctirrent  refe 


NOTE  2;  The  3  skill  level  proficiency  fc r  items 
field  experience  and  in  prerequ:  site  AF 
3ALR91630  and  5AL091630-1. 

1.     DISASTER  PREPAREDNESS  MEDICAL  CARE 
AND  FIRST  AID  PROCEDURES 


of  th: 
>C  90250 


s  STS  marked  wi 

No 


pending  STS  revision. 

h  an 


terisk  (*! 

additional  tradining  is  prt  vided  lb  Courslej 


is  attained  througn 


a.  Manage  shock 

b.  Maintain  effective  respiration 


SR:    AFMs  160-12  (chap  1),  160-34  (ctjap    5  ajid  9), 

*2b 
*2b 
*2b 
*2b 
*2b 
*2b 


160-37 


Control  hemorrhage 
Perform  emergency  treatment 
of  wounds 

Manage  fractures,  burns,  and 
injuries  from  chemical  agents 
Perform  methods  of  hand  and 
litter  carries 
ijoad  and  unload  vehicles 
utilised  for  transportation  of 
patients 

Maintain  military  sanitation 


AIRMAN  CARDIOPULMONARY  LABORATORY 
CAREER  SPECIALTY 


*2b 
*a 


SR:    AFM  39-1;  AFVA  39-1 


a.  '  Progression  in  career  ladder 

916X0 

b.  Duties  of  AFSs  91630/70 

COMMUNICATIONS  SECURITY 
(TRANSMISSION  SECURITY) 

SR:    AFRs  205-1,  205-7 


Ideptify  information  as 
classified,  unclassified,  or 
of  possible  Intelligence  value 
Identify  official  information 
as  Top  Secret,  Secret,  Confi- 
dential, or  For  Official  Use, 
Only 

Select. and  recommend  mode  of 
transmission  dictated  by 
security  and  expediency 
required  ' 

Observe  security  precautions 
involved  in  communications 


B 

8  - 


*2b 

*2b 

*2b 
*2b 


3c 
3c 
3c 
3c 
3c 
3c 

3c 
2b 


■> 

c  3 

O 


3c 

3c 

3c 
3c 


>. 
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TASKS,  KNOWLEDGES 
AND  STUOY  REFERENCES 


AFSC/Cm 


PROFICIENCY  LEVEL.  PROGRESS  RECORD  AND  CERTIFICATION 


3  Skill  Laval 


3, 


Daw 

OJT 


Daw  Cawplataa' 
&  Ttainaa'a 
Supvrvi  mi*  a 
InltlaU 


S'Slcill  L«v«l 


AFSC 


Data 

OJT 


Data  Camplataa" 
4  Tratoa«°« 
Svaatviaaf's 
InitMa 


A 

AFSC/Crt 


4. 


7  Skill  Lm> 


Data 

OJT 


Data  Cam*i*t«a> 
&  TrainaaTa 
Suaarviaat'a 
InlHati 


CARDIOPULMONARY  LABORATORY  SAFETY 


SR:  AFM  127-101 


b. 


5. 


Hospital  safety  practices 

(1)  Handle  and  care  for 
patient 

(2)  Operate  equipment 

(3)  Maintain  personal  safety 
standards 

Plan  and  direct  the  section 
safety  program  including  the 
establishment  and  maintenance 
of  sanitary  standards  for  safe' 
housekeeping 


CARDIOPULMONARY  LABORATORY 
PUBLICATIONS 

SR:  AFM  168-4  (para  1-12);  AFR  5-31 

a.  Maintain  publication  files 

b.  Locate  and  interpret  information 
related  to  care  of  patient  and 
to  management  of  personnel 

c.  Recommend  changes  in  publications 
including  local  medical,  policies 

CARDIOPULMONARY  LABORATORY 
MATERIEL 

SR:  AFMs  57-1,  167-1;  AFR  67-10 


*2b 
2b- 
*2c 

*2b 


*2b 

*2b 
*2b 


a. 

b. 


f . 


Use  supply  catalogs 
Issue  and  turn-in  supplies  and 
equipment 

Property  responsibility 
Clean  and  maintain  diagnostic 
and  therapeutic  equipment 
Establish  and  maintain  procedures 
for  storing,  inventorying,  and 
inspecting  property  items 
Perform  duties  of  a  property 
custodian 


*2b 
*2b 
*B 
2b/b 

*2b 
*2b 


7.     SUPERVISION  AND  TRAINING 

a.  Supervision 

(1)    Evaluate  performance  of 
subordinate  personnel 
« 

SR:  AFMs  39-1  (atch  52,  vol 


*2b 


62;  AFR  39-6 


3c 

3c  X 
3c 

3c 


3b 

3c 
3c 


1 

o 
u 

3c  1 


C  9 
3c 

3c 
3c 


3c 
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tasks,  knowledges 

AND  STUDY  REFERENCES 


PROFICIENCY  LEVEL,  PROGRESS  RECORD  AND  CERTIFICATION 


AFSC/Cti 


OJT 


Dm*  C*a»*l*t«i 
A  Tr*ift***B 

lniri*W 


S  Skill  UmI 


AFSC 


OJT 


,  c 

A  Ifbiv'  * 
S***fvi  • 
Initial* 


4. 


7  Skill  Lml 


A 

AFSC/Cr. 


OJT 


Dot*  C«mpl*t*4 
A  Tr*l****s 

Snp*fTlMf*i 

Inttfalt 


7a (2)    Plan  and  schedule  work 

assignments  and  priorities  *2b 

SR:  AFM  50-20  (unit    2  and  31;  APR 


9-6 


(3)  Prepare  correspondence,  * 
reports,  and  records  *2b 

SR:  AFM  10-1 

(4)  Establish  work  methods,  con- 
trols *  and  performance 
standards  *2b 

SR:  AFM  50-20  (unit  2  and  3) 

(5)  Recommend  policy  changes  on 
utilization  of  personnel 
and  equipment  *2b 

SR:  AFMs  26-1,  26- 2« 

(6)  Resolve  technical  problems 
encountered  by  subordinates  *2b 

SR:  AFR  39-6 

(7)  Counsel  personnel  and 
resolve  individual  problems  *la 

SR:    AFM  39-12;  AFRs  35-32,  £9-6,  35 

(8)  Supervise  the  use  of  • 
therapeutic  equipment  la/a* 

training 

(1)  t)rient  newly  assigned 
personnel  on  standard 
operating  procedures  *2b 

sfa  AFMs  39-1,  50-20  (unit  4L  50-23f;  AFR 


(2)    Recommend  personnel  for 

training     /  *  la 

SR:  AFMs  39-1,  50-5,  50-20  (Jmit  4) 


•30 


50-23 


\ 

39-4. 
;  AFRs  39-' 


,  50-9 


(3)  Plan  and  conduct  OJT 
programs  and  refresher 
training 

SR:  AFMs  39-1,  50-20  (unit  4 

(4)  Maintain  OJT  records 
SR:  AFM  50-23 


*2b 
>,  50-62 
*2b 


3c 


3c 


3c 


3c 


3c 


a 
S3 

3c  o 
u 

I 

3c  3 


3c 


3c 


3c 


3c 
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TASKS*  KNOWLEDGES 
AND  STUDY  REFERENCES 


PRQFJCIENCY  LEVEL.  PROGRESS  RECORD  AND  CERTIFICATION. 


3  Skill  Laval 


AFSC/Os 


Data 

OJT 


Dal*  Cawalataa' 
4  TrainaVa 
Suaanriaar's 
Initials 


3. 


S  Skill  L«*.l 


AFSC 


Data 

OJT 
Startac* 


Data  Ca«»laM 
I  TrvJnaa's 
Supafvtaar's 


4. 


7  Skill  Laval 


AFSC/O. 


Data 
OJT* 
Staftad 


Data  C*mplat*d 
l  Tralnaa*  s 
Sua  arvi  car's 
IrtlHalt 


8.    CARE  OF  PATIENT  WITH  SPECIFIC  NEEDS 
AND  PROBLEMS 

MOfE:    The  task  knowl edge  levels  * in 
cask  performance  levels  are  a 


c  5lumn  2i.  of  ttyts 
qtained  in  couxse 


paragrai  h 
5AL0916  0- 


ar*} 

1 


at  tailed  in  course  3ALRJ1630  w^iile  the 


Dale*  Eubin,  Rapl 


SR:    AFMs  160-3A>  168-4;  Medical  Dictionary 

Company,  1^70;  Michael  C.  Ritots t  Diagnostic  E 
Ross  C.  Kory,  A  Primer  of  Cardiac  Cathejerizaqion.  Chahrl 


lectrocard 


Interpret a 


ograj  hy 


Functions  of  the  Human  Body. 
Methods  and  Calculations,  CharlA  C.  Thomas 
Therapy ,  C.  V.  MosJ^^969;  Lawijence  E 
R.  J,  Brady,  1970 


Saifcders  If 74;  N 
s, 
Meltzi 


Balfour  & 
1|972;  Donal 
Intense 


s  C 
onim 
F* 


J 

Thomas 


Cion  of  EKfls,  Covet  Publishing 
ncott  Company,  1^69 
1965;  Arthur 
Labo 


B.  Lippin 
Company, 


Caydi >pulmonary 


jrat  ary 


C 
Bas 


juyton, 

,c 


e 


I agan, 
Coi onary 


fundamental s  of  In  >alatio i 


Zare  -  A  Ma  aual  f o :  Nurse  3 


(2> 
(3) 
(4) 
(5) 


Care  of  cardiovascular  disorders 
(1)    definition  of  common  terms 
Related  anatomy  and 
physiology 
Make  and  report 
observations 
Common  forms  of  heart 
disease 

Nyrsing  care  of  patient 
(a)     Identify  problems 
and  neetjs 
1  Physical 
2_    Personal,  cultural 
and  social  - 

3  Emotional 


£  Rehabilitation 
(b)    Perform  nursing  care 

to  meet  needs 
Assist  with  or  perform 
diagnostic  therapeutic 
and  special  procedures 
(a)  Cardiac 

catheterization 


(6) 


(b)  Treadmill 


Master's  two  step 
Recognition  of  * 
abnormalities  in 
elec  trocardiographic 
tracings 

Interpretation  of 
warning/ lethal 
arrhythmias 

0 

Chest  grid 
Emergency  procedures  in 
cardiac  arrest 
(a)    Operate  emergency 
equipment 
1  Pacemaker 


(c) 
(d) 


(e) 


(f) 


B 
C 

2b 
C 

2b 
2b 
2b 
2b 
2b 


la 


2bl 


2b£ 


2bJ 


c 
c 

3c 
C 


CO 

*3c  g 
3c  a 

Ed 

3c  § 


3c 
3c 

3c 
3c 
,  3c 

3c 

3c 
3c 

3c 
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J 


tasks*  knowledges 
and  study  references 


AFSC/G* 


8a(7)  (a)2^  Defibrillator 


(b) 
(c) 
(d) 
(e) 


J3    Emergency  cart 
Set  up  special 
monitor 
Assist  physicians 
during  emergency 
Prepare  pacenaker/def i« 
brilla tor/ electrodes 
Defibrillate  in  an  . 


b. 


emergency 
(f)    Perform  closed 

cardiac  massage 
00    Perform  mouth- to-** 
mouth  breathing  ant 
ambu  breathing 
(8)    Perform  specialized 

procedures  by  operating 

(a)  Electrocardiograph 

(b)  Phono cardiograph 

(c)  Vectorcardiograph 

(d)  Multichannel 
recorder 

s  (e)  Pressure 

transducers 
(f)    Mult i track  tape 
recorder 


(g)  Polaroid -camera 

(h)  Cardiac  telemetry 
„  system 

(i)  Gfcrdiac  multichannel 
scope 

(9)    Cardiac  drugsfc 

(a)  Safety  factors  in 
giving  medications 

(b)  Expected  actions, 
complications,  and 
contraindications 

(ID)  Other 

(a)    Perform  calculations 
on  data  collected  " 
<b)    Perform  related 

darkroom  .procedures 

(c)  Use  automatic 
processors,  for  cine 
X-ray  and  tracings 

»>      (d)    Basic  physics  and 

electronics  pertaining 
to  heart  actions 
(e)    Cut,  mount,  and 

process  cardiograms 
Care  of  pulmonary  disorders 
(1)    Definition  of  common 
terms 


PROFICIENCY  LEVEL,  PROGRESS  RECORD  AND  CERTIFICATION 


2. 


3  Skill  L.v.l 


2b 

2b 
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la 
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AMC 
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7  Skill  L«v«l 


A 
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TASKS*  KNOWLEDGES 
AND  STUDY  REFERWCES 


A 
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PROFICIENCY  LEVEL,  PJOGR^SS  RECORD  AND  CERTIFICATION 


3  Skill  Lml 


Data 
OJT 
Starts 


A  Tr^n«»'« 


5  Skill  L*v«l 


A 

AFSC 


0«t« 

OJT 


D«t«  C«mpl«f«4 
A  Train**'* 
$ti**rvU*r'« 
Initial « 


A 

AFSC/Os 


7  Skill  Laval 


Data 

OJT 
Started 


D«f«  Catnptataa* 
A  TrainaVs* 
Jwaanrt  iatf  ■ 
ln»H«lt^ 


8b(2) 

Related  anatomy  and 

physiology 

B 

(3) 

Common  pulmonary 

diseases 

B 

(4) 

Make  and  report 

observations 

2b 

'  C5) 

Nursing  care  of  patients 

(6) 


(a)    Identify  problems 
and  needs 

1  Physical 

2  Personal,  cultural, 
and  social 


3>  Emotio 


^  Rehabilitational 
.(b)    Perform  nursing 

care  to  meet  needs 
Diagnostic,  therapeutic 
and  special  procedures 

(a)  »  Perform  tests  andv 
calculations 

1  Tidal  volume 

2  Vital  capacity 

3  , Timed  vital 

capacity 
_4  'Maximum  expiratory 

flow  rate  " 
_5  Mid-maximal 
~"  '  expiratory  flow 
-  S_   Maxix^im  breathing 
£g    capacity  /maximum 
^  voluntary 

ventilation0 
7_  Walking 

ventilation 

£   Residual  volume 
9_   Helium  wash-in 

10  Nitrdgen  wash-out 

11  Single  breath 
diffusion  capacity 
carbon  monoxide 

12  Steady  state 

«       diffusion  capacity 
carbon  monoxide 

13  Arterial 
punctures  ^ 

14  Blood  gas 
analysis 


2b 
2b 
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2.  3$k||IL»«l 

1.  SSUHL.ml 

4.          7  Skill  Laval 

,    \            .TASKS*  KNOli-EPOES    '  \ 
AND  STUDY  REFERENCES  1 

1.  . 

AFSC/O* 

• 

Date  . 

OJT 

C 

D»#a  CMflfltt^ 

SvaarvtMf't 

Initial  ■ 

A 

AFSC 

% 

Data 
OJT 
Stanaa* 

c 

Data  Gmm>«^ 
1  Ttataaa'i 
Saawlaat'* 

Initial* 

'  A 

AFSC/O. 

• 

Data 
Starta* 

C 

Data  Canatatatf 
&  TralnaVi 
fciaafvlaaVi 
InlftaU 

8b (6) (b)    Operate  equipment 
1    PIT,  PCO2  and 

PH  meters 
2^    Electronic  bloo£ 

gas  oximeters 

'      2    Scho  lander 
^   "                              ^    Barometer  (mercury 

and  aneroid) 
5  Pulmotester/ 
pulmoanalyzer 
q  £   Calculator,  slide 
rule,  and  nomograms 
*^    2  Steady^state 
'                                diffusion  apparatus 
$    Single  breath 
4   .             *                         dif fusion^apparatus 

£   Nitrogen  meter 

****        *                   a       10    Tissot  i 

V                                       11    9/10/13.5  liter 
,           /                »  spirometers 

X.                         Oxygen  and  carbon 
x  j                       dioxide  analyzers 
.            'c.    Respiratory  therapy 
(inhalation  therapy) 
'    (1)    Operate  oxygen  therapy^ 
*                            equipment  % 

(a)  Tent 

(b)  Mask  (oral,  nasal 
venturi) 

(c)  Catheter, 
cannula  * 

(d)  Hood,  face  tent 
(2)    Operate  intermittent 

positive  pressure  (IPPB) 
breathing  apparatus 

(a)  Pressure  cycled 
respirators 

(b)  Volume  cycled  * 
apparatus  ' 

t  (c)    Hot  and  cold 
humidifiers 

(d)  Aerosol  generators 

(e) ,  Nebulizers 

1  Hot 

2  Cold 

.* 

2b  / 

2b 

2b 
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2b 
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APSC/di 


8«(3) 
(4) 


(5) 
(6) 


(7) 
(8) 

0 

r 


(9) 


(10) 


(ID 


'Exercise  safety 
precautions  with  use  of 
medical  gases 
Operate  medical 
regulators ^and  flowmeters 

Operate  compressors. 
Sterilize  equipment 
;  (a)  Heat 

.(b)-  Cold 

(c)    Gas  ^ 
Perform  preventive 
maintenance  on  equipment 
Administer  respiratory 
therapy  drugs 
,(a)    Safety  factors  in 

giving  medications  • 
(b)'    Expected  actions, 
complications,  and 
contraindications 
1  Bronchodilators 

i  Mucolytics 
'    3^  Isotonic 
solutions 
Perform  intubation 
procedures 

(a)  Indications 

(b)  Side  effects 

(c)  Procedure 
Perform  sputum  induction 

(a)  Acid  fast 
bacillus 

(b)  Fungi 

-a 

•(c)  Cytology 

Teach  patient  principles 
of .bronchial  hygiene 


PROFICIENCY  LEVEL,  PROGRESS  RECORD  AND  CERTIFICATION 


3SSi1lLav«l 


2b 
2b 
2b 
2b 
2b 
2b 
2b 


4t 


2b 

2b 
2b 
2b 

la 

k 

la 

2b 
2b 
2b 

2b 


D*t* 

OJT 
Starfaa' 


Oat*  Camplat***) 
&  Train**'* 
Sua*«vi»ar*« 
Initials 


AFSC 


5  Skill  Laval 


Oar* 

OJT 
Start***, 


Data  Ca»al*ta4 
4;  Train**'* 
Supaffvtsar** 
Initial* 


AFSC/O. 


7  Skill  Laval 


3c 

3c 

3c^ 

3c 

3c 

3c 

3c 

3c 


3c  a 
o 
O 

3c  Q 
u 

3c  % 


2b  * 

2b 

2b 

3c 
3  c 
3c 

\ 

3c 


Oata 

OJT 


Oata  C*fn*l*t*4i 
t  Train*** » 
Suaarvi  Mr*i 

ItlWfU  . 


\ 


POI  3ALR91630 


PLAN  OF  INSTRUCTION 
(Tichiicil  Tniiiig) 


\ 


CARDIOPULMONARY  LABORATORY  SPECIALIST 


(PDS  Code  PI V) 


•V 


SHEPPARD  TECHNICAL  TRAINING  CENTER 
23  April  1975  -  Effective  15  ||y  1975  with  Class  750515 


lO-lo 


ERIC 


2a 


r 


i 


DEPARTMENT  OF  THE  AIR  FORCE  .  PLAN  OF  INSTRUCTION  3ALR91630  . 

School,  of  Health  Care  Sciences,  USAF  (PDS  Code  P1V) 

Sneppard  Air  Force^Base,  Texas   76311^        ,t  23  April  1975  , 

FOREWORD 

J.    PURPOSE."   Th\i>s  plan  of  instruction  prescribes  the  qualitative  require- 
Tents  for  Course  Number  3ALR91630.  Cardiopulmonary  Laboratory  Specialist, 
in  terras  of  criterion  objectives  presented  by  untts/moduJes  of  instruction,  • 
and  shows  duration,  correlation  with  the  trainingxstandard,  support  materials 
and  instructional  guidance.  •  It  was  developed  under  the  provisions  of  ATCR 
50-5,    Instructional  System  Development,  and  ATCR  52-7,  Plans  of  Instruction. 

2.  COURSE  DESCRIPTION.    This  8rweek  course  provides  lateral  training 
necessary  to  qualify  selected  airmen  and  NCOs  in  the  902X0  career  specialty 
for  assignment  as  a  Cardiopulmonary  Laboratory  Specialist  to  perform  duties 
in  the  Cardiopulmonary  Ladder  of  the  Airman  Medical  Career  Field  as-, out- 
lined in  AFM  39-1.    It  includes  training  to  provide  assistance  to  cardiolo- 
gists and  pulmonary  physiologists  in  examination,  Evaluation,  diagnosing—" 
and  treating  cardiopulmonary  diseases  and  injuries  by  performing  a  broad  . 
spectrum  of  diagnostic  and  therapeutic  procedures  such  as  administering 
electrocardiograms,  phonocardiograms,  vectorcardiograms,  stress  tests,  •  . 
defibrillation  techniques,  pulmonary  function  studies,  intermittent  positive 
pressure  breathing,  blood  gas  analysis,  cardiac  catheterization,  and  operation 

^and  maintenance- of  diagnostic  equipment.    Major  areas  of  study  are  afctomy, 
physiology,  medical  terminology,  care  of  cardiovascular  disorders,  care  of 
(  pulmonary  disorders,  inhalation  therapy,  and  related  diagnostic  processes  and 

'SffXTEKh  ]nlS  couTr*e  is  p!?ase  1  of  a  two-phase  trainingjgrogram;  Course 
5AL091 630-1  (Phase  II,),  provides  20  weeks  of  hospital  training.  In 
addition,  related  training  consists  of  a  Local  Conditions  Course,  Commander's 
Call/Briefings,  End  of  Course  Appointments  and  a  Traffic  Safety  Predeparture 
Briefing.         •  -  * 

3.  EQUIPMENT  ALLOWANCE  AND  AUTHORIZATION.    Training  equipment  required  to  . 
conduct  this  course,  and  for  which  accountability  must  be  maintained,  is 
found  in  the  Medical  and  Non-Medical  In-Use  Equipment  and  is  listed  under 
custody. account  number  28553H. 

NOTE:-   Group  size  is  shown  in  parentheses  after    equipment  listed  in 
column  3  of  numbered  pages  of  tins  POI.  1 

4.  MULTIPLE  INSTRUCTOR  REQUIREMENTS.    Units  of  instruction  which  require 
more  than  one  instructor  per  instructional  group  are  identified  in  the 
multiple  instructor  annex  to  this  POI. 
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MODIFICATIONS 


/yg^Xotv     ^   -   ,of  this  publication  has  (have)  been  deleted  in 


adapting  this  material;  for  inclusicfti  in  the  "TriakL  Implementation  of  a  / 
Mojiel  System  to  Provide  Military  Curriculum  Materials  for  Use  in  Vocational  " 

and  Technical  Education."    Deleted  material  involves  extensive  use  of 

^  ....    ^  -  &  ' 

military  forms,  procedures,  systems,  etc.     and  was  not  considered  appropriate* 

for  use  in  vocational  and  technical  education. 
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;       •'                                                          PLAN  QF  INSTRUCTION  (Continutd)  ^ 

'          •        UNITS  OF  INSTRUCTION  AND  CRITERION  OBJECTIVES 

DURATION 
"  (HOURS) 

3                                               SUPPORT  MATERIALS  AND  GUIDANCE 

2.  Car (Ho vascular  Anatomy  and  PhysioToqy 

a.  Describe  the  flow  of  blood  and  topical 
anatomy  through  the  circulatory  system, 

*.  b/  Compare  the  hemodynamic  and  electrical 
conduction  principles  of  the  cardiovascular 
system. 

*'"-.•" 

3;   Cardiovascular  Diseases 

a.  Describe  the  clinical  features  and 
treatment  of  common  cardiovascular  diseases, 

b.  Describe  the  signs symptoms,  and  treat- 
ment of  congenital  heart  defects. 

9 

(7/2) 
(4J 

(3) 

18 
(U/4) 

(4) 
(4) 

Column  1  Reference             STS  Reference  1 
2b  8a(l),8a(2) 

Instructional  Materials                                '  * 
Psychological  Consultants,  Inc.,  Human  Physiology  -  A  Proaranmed  Text 
Dubirw  Rapid  Interpretation  of  EKtis  ' 

Audio  Visual  Aids 

slides*  Cardiac  Anatomy  and  Physiology  Set 

Slides  and  Tape,  Physiology  of  the  Heart,  by  Research  Medical  Company 
(30  min) 

Filmstrip  and  Tape,  The  Cardiovascular  System,  by  Brady  (50  mfn) 

Training  Equipment  t 
Heart  ModeT,(& 

Training  Methods  v 
Lecture/Discussion  (7  hrs) 
Outside  Assignments  (2  hrs) 

Instructional  Envirowent/Desion 

classroom  (7  hrs)  ■  - 

Home  Study  (2  hr$) 

Group/Lock  Step 

Instructional  Guidance 

Use  slides  and  heart  models  to  ilia&rate  key  points. 
Use  one  heart  model  per  tws  students ♦ 

Column  1  Reference      ■»  ."  STS  Reference 

3a»  3*>*  3c                      ea(3),  8a(4h  8a{5)(a)l,  8a(5)(a}2,  8a(5)(a)3, 

8a(5  (a)4*  8a(5)(b)  ~ 

3d                                 8a(3),  8a(4),  8a(5)(a)l,  8a(5)(a)2,  8a(5)(a)3. 

8a(5)(a)4.  8a(5TTBl  "~ 

3?»  8aU)(f)v'8a(8){a) 

plan or  instruction  nc.  3ALR91630 
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PLAN  OF  INSTRUCTION  (Continued) 

UNITS  OF  IMi.WUCT;OH  AND  '*»teR|ON  OnjECTlVES  * 

— -? 

DURATION 
*  (HOURS) 

'■  ■  '•                                           SUPPORT  MATERIALS  ANP  GUIDANCE  , 

c.   Explain  the  signs,  symptoms,  and  treat- 
ment of  acute  myocardial  infarction, 

d*  Describe  the  clinical  features  and  * 
treatment  of  circulatory  failure  disorders. 

e*  Describe  the  electrical  hazards  involved 
with  intensive  coronary  care. 

e  — 

(2) 
(3) 
(1) 

Instructional  Materials 

IS  !K!f?Si"3*il,)'  Introduction  to  Cardiovascular  Disease 

IS  SJHEKSi2-!i*J?l*  R1*""*^  Fwp  and  Rheumatic  Heart  Disease 

lr  liFSI                Arteriosclerosis  arid  Arteriosclerotic  Heart  Disease 

S  SffiJHHif  (41*  For7s  ?f *He,rt  D1seiSe  (Miscellaneous)^ 
^3ALRgi630-I-3b, Congenital  Cardiovascular  Disease 
ROCOM  learners  Workbook. intensive  Coronary  Care  Multimedia  Learni™ 
system                                      ■ .  •  j                         ■"■  ■  «■ . 

Dubln,  Rapid  InterDretatlon  of  EKGs 
Audio  Visual  Aids 

Slides,  cardiovascular  Disorder  Set 
ROCOM  Films: 

No.  1  -  Concepts  of  Intensive  Coronary  Care  (14  min) 

No.  2  -  The  Heart:  Acute  Myocardial  Infarction  (12  min) -  i 

No.  7  -  Congestive  Heart  Failure  and-  Cardiogenic  Shock  (24  min) 

No*n?  \The  p!*!en?  tf0*  1n  Acute  Distress  -  Admission,  Care  and 
Discharge  (25  min)  ( 
ROCOM  Fllmstrips: 

No,r2  -  Jhe  Clinical  Picture  of  Acute  Myocardial  Infarction  -  Part  I, 
The  History  (11  min)  - 
J    No,tl  -Jhe  Clinical  picture  of  Acute  Myocardial  Infarction  -  Part  2, 
The  Physical  Examination  (6  1/2  m1n)  '  * 

m\l  *Jh*,F,1n1ci1„p1etyre  of  Acute  Myocardial  Infarction  -  Part  3, 
The  Hospital  and  Convalescent  Phase  (7  1/2  min) 

Hc\t  'nTh!  CWn1cal„J»1cture  of  Acute  Myocardial  Infarction  -  Part  4, 
The  Post-CoWiescent  Phase  (6  1/4  min) 

!«'  1!  "  Ire,^"enVLL5ft  Utricular  Heart  Failure  (8  1/4  min) 

NO.    14*  «•  Til*  \\<m  t\t  THnlfaHe    (&  m-fnV 

nu«  it  «•  me  use  or  uigi uns  io  Win/ 

'v       11"  5?n1t0J,ln9  Central  Venous  Pressure... Technique.,, Theory  (7min) 
No.  ig  -  Signs  of  Cardiogenic  Shock  (6  min) 
No.  20  -  Treatment  of  Cardiogenic  Shock  (8  3/4  min)' 
No.  21  -Metabolic  Acidosis  (9  3/4  min)          •••  • 

No'/n3,LLe!s»CowBon  c«npHcation  Following  Acute  Myocardial  Infarction 
\9  3/4  min) 

No-  29  "  Th«  Diagnosis  of  Myocardial  Infarction,  Electrocardiography... 
».•••     Enzyme  Studies  (13  1/4  min) 

No.  31  -  Electrical  Hazards  In  the  CCU  (15  3/4  min) 

PLAN  OF  INSTRUCTION  NO.  3ALR91630 

d**e       %  3  APR  1975               J  block  ho,  j 

PAGfcNC  3 

2.0 


PLAN  OF  INSTRUCTION  (C<m»in*«<$ 


UNITS  OF  INSTRUCTION  AND  CRITERION  OBJECTIVES 


4-    Basic  Physics  and  Electronirs 

a.    Describe  molecular  structure  and  basic 
|  atomic  theory. 

■       b.   Analyze  the  relationship  between  current 
resistance,  and  voltage  as  described  1n-0hn's 
I  law* 

c.    Describe  the  principles  of  magnetism  1 
and  electromagnetism. 


DURATION 
„  (HOURS) 


8 

(6/2) 
(2) 

(2) 

ft) 


SUPPORT  MATERIALS  AND  GUIDANCE 


Acute  Myocardial  Infarction  (10  min) 


Audio  Visual  Aids  {Continued) 
ROCOm  Audiotape:    No.  4  -  The  Heart: 

Training  Equipment  * 
heart  Model  \t) 

,  Training  Methods 
Lecture/Discussion  (14  hrs) 
Outside  Assignments  (4  hrs) 

Instructional  Envirottnent/DpsJnn 

Classroom  (14  hrs)   

Home  Study  (4  hrs) 
Group/Lock  Step 

Instructional  Guidance 

pxr?ud?^e?^  Prepare  "^^Presentation  of  a  cardiovascular  disorder 

Column  1  Reference 
4a,  4b,  4c  *~ 


STS  Reference 

FlfJI3^  8af8)(fr),  8a(8)(c),  8a(8)(d), 

Uimy  ma"fU 8a(8,(9,:  8a(8,w' 


Instructional  Material s 
JALR£}1630-I-4a(l  


Basic  Atomic  Theory 

Physics  -  Work,  Power,  .and  Energy  (Mechanical) 
Elements  of  Physics  -  Matter 
Basic  Physics  -  Matter 
Basic  Physics  -  Atomic  Structure  and  Static 


PT  3ALR91630-I-4ai 
PT  3ALR91630-I-4a 
PT  3ALR9l630-I-4ai 
PT  3ALR91630-I-4ai 

Electricity  •   

SW  3ALR9}63S'f1h(6?'  BaSlCn!^SlFs  "  Wcirk'  Pow*r,  and  Energy  (Electrical) 
5u  ^.  pS't1"^'  S^?01"1  s.  L?w,  and  Basic  Circuits  ,e«"«U 


SU  Wnmtnn  i  a  '  u  ruy!  unm  5  Law«  and  Basic  C 
SW  3ALR91630-I-4c,  Magnetism  and  Electromagnetic 
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PLAN  OF  INSTRUCTION  (Continued) 


OMITS  Of-  tftyiftUC?*GN  WO  CRITERION  OBJECTIVES 


DURATION 
.  {HOURS* 


SUPPORT  MATTRJALS  AND  GUIDANCE 


'  1  >  i  i 


S.   Electrocardiography  I 

a.  Describe  the  procedure  for  operating 
a  12  -lead  EKG  machine. 


PLAN  OF  INSTRUCTION  NO. 


3ALR91630 


Audio  Visual  Aids 
Sound -on-Sllde:  ' 
Basic  Atomic  Strpcture 
Energy*  Ohm's  Law  and  Basic  Circuits 
Magnetism  and  Electromagnetic  * 

Training  Methods  v 
Discussion  (1  hr) 
Performance  (5  hrs) 
Outside  Assignments  (2  hrs) 

Instructional  Environment/Design 
Classroom  (1  hr)  ~ 
Laboratory  (5  hrs) 
Home  Study  (2  hrs) 
\  Group/Lock  Step 

Instructional  Guldan 

Hfve  students  complete  >og rammed  texts  as  home  study  assignment.  Intro- 
duce and  summarize  subject  and  answer  any  questions  about  the  subjects. 
Conduct  introduction  and  summary  1n  the  cUssroori.   Performance  hours 
are  designed  to  reinforce  knowledge  and  not  develop  proficiency. 


inds. 
ete*  ph?s 


Column  1  Reference 
5a   


STS  Reference 

4*12),  6d,  7a(8),8a(8)(a),  8a(10H^ 


Instructional  Materials 

ISIHer»  Pennea»  Kitchell,  Intensive  Coronary  Care  -  A  Manual  for  Nurses 
ROCOM  Learners  Workbook,  Intensive  CoronAry  Care  Multimedia  Learning  . — 
System  p 

Audio  Visual  Aids 

transparencies,  Electrocardiography  Set 

5252!  HI"-*:  4-»  Electrocardiography  and  the  Arrhythmias  (13  mln) 
ROCOM  Fllmstrip,  No.  7,  The  12-Lead  Electrocardiogram  (9  3/4  m1n) 


date       2  3  mpk 


SVOCK  NO, 


PACE  NO. 


2. 


PLAN  OF  INSTRUCTION  (Continued) :  > 


UNIT*  OF  INSTRUCTION  AND  CRITERION  OBJECTIVES 


DURATION 
i  2  (HOURS) 


fi.   Measurement  Test  and  Test  Critique 

a*   Measurement  Test 

b.  Test  Critique 
7.    Electrocardiography  II 

a.  Describe  the  procedure  for  performing 
a  routine  EKG. 

b.  Describe  the  processing  of  electro- 
cardiography tracings. 

( 

c.  Describe  two  types  of  stress  tests. 
d«    List  f he  steps  in  interpreting  EKGs, 

/ 


plan  cf  instruction  no,    3ALR91 630 


14 

(10/4) 

(3) 


(3) 
(2) 
(2)' 


SUPPORT  MATERIALS  AND  GUIDANCE 


Training  Methods  : 
Lecture/uiscusslon  (3  h^s) 

Instructional  Environment/Design 
Classroom  (3  hrs) 
Group/Lctek  Step 


■  * 


Column  1  Reference 

7a   "  ■  " 

7b 

7c 

7d 


STS  Reference 

fJffTf^^  8a(10){d 
8a(6)(b),  8a(6)(c)7WfoT(e)  ~ 


8a(6)(d),  8a(6)(e)t  8a(8)(ah  8a (10) 


Instructional  Materials 
Hb  3ALR91630-I-7C,  Masters  Test 
PT3ALR9T630-I-7d>  Basic  Mathematics  -  Decimals 

Meltzer,  Pinneo,  KltchelU  Intensive  Coronary  Care-A  Manual  for  Nurses 

Dubin,  Rapid  Interpretation  of  Ekfis        —    1  ■ . '  -  .  * 

Rqc2m*  learners  Workbook.  Intensive  Coronary  Care  Multimedia  Learning 
System  '     ~~  ~  — : — *"  — ^ 

Audio  Visual  Aids 

Transparencies,  Electrocardiography  Set 

Rocom  Filnstrips;  •  , 

^  The  Format  for  Interpreting  Electrocardiograms  (13  mini* 
Nov  8,  The  Classification  of  Arrhythmias  (14  1/4  min) 


Training  Equipment 
Electrocardiographs  (3) 
Treatment  tables  (3)  * 
Paper  cutters  (3) 
Mounting  tape  and  boards  (3) 


DATE 


ii  ArK  1275 


BLOCK  NO. 


I 


°AGE  KO. 


35 


o 

ERIC 
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Pi  AN  OF  INSTRUCTION  (ContihM«<D 


 ■  .  .  •  — *  r*7^  — 

UwmOf  WMRUCTION  ANO  CR'TERIQN  OBJFCTIV0S 


8,    Cardiac  Drugs 

a.  Describe  the  pharmacology  of  stimulants, 
depressants,  and  antiarrhythmics. 

b.  Describe  the  pharmacology  of  diuretics 
and  anticoagulants. 


PLAN  OF  INSTRUCTION  NO.  3ALR91630 


DURATION 
,  'HOURS*  s> 


>  12 
(8/4) 

(3) 

(5) 


SUPPORT  MAT/RIA;,5  ANO  CUlOANCf 


Training  Methods 

Lecture/Discussion  (3  hrs}  % 
Demonstration  (2  hrs) 
Performance  (5  hrs) 
Outside  Assignments  (4  hrs) 

Instructional  Environment/Design 
Classroom  15  hrs) 
Laboratory  (5  hrs) 

Home  Study  (4  hrs)  >  ■  •< 

Group/Lock  Step 

■ .  **  •  ■ 

Instructional  Guidance  ■ . , 

Performance  hours  support  knowledge  requirements  only  and  do  not  develop 
any  proficiency.   Have  students  complete  programmed  text  during  home 
study.  .   '  \ 


Column  1  Reference 
5a,  flb   

Instructional  Materials 


STS  Reference 
8a(*J(a),  8a(9)(b) 


SG  3ALR91630-I~8a(1J,  Cardiovascular  Drugs 
SG  3ALRSI630-I-8a(2),  Major  Antiarrhythmic  Drugs  [ 
PT  3ALR91630~!-8b,  Current  Concepts  and  Applications  of  Anticoagulant 
Therapy 

Rocom  learners  Workbook.  Intensive  Coronary  Care  Multimedia  Learning 
System 

Audio  Visual  Aids 
Rocom  F 11 mst rips: 

No.  17.  Diuretic  Therapy  (9  1/2  min)  . 
No.  22,  Sympathomimetic  Drugs  (9  min) 
No.  24,  Anticoagulant  Therapy  (13  3/4  m1n) 
Filmstrips  and  Cassettes,  Tralnex: 
Lidocaine  Hydrochloride  (50  min) 
*   Heperin  Sodium  and  Warfarin  Sodium  (SO  min) 
Atropine  and  Isoproterenol  KydrochloifjW^fSO  min) 


PATE 


BLOCK  NO. 


FACE  NC. 


ERIC 
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38 


•  •"    ■  ■  1 — 3  '  !  —■  ^ — •  1  ' — —  • — ■  — —        '  —            1  1  

PLAN  OF  INSTRUCTION  (Continued)     .  - 

UNITS  OF  INSTRUCTION  AND  CRITERION  OBJECTIVES 
1  . 

DURATION  ' 
(HOURS) 

.'     '                                               SUPPORT  MATERIALS  AND  GUIDANCE 

♦  w 
I  • 

9.    Cardiac  Vectors  " 

a.  Explain  Einthoven's  triangle, 

b.  Predict  Q  R  S  Vectors. 

-       ■    -  -         .        ■      \  ■ 

'      ■                     ■ .                                                      •     .         '         .  ( 

6 

Audio  Visual  Aids  (Continued) 

Filmstrips  and  Cassettes,  Trainex: 

Epinephrine  and  Isoproterenol  Hydrochloride  (50  min) 
Cardiac  Glycosides  and  Quinidine  Derivatives  (50  min) 

Tra initio  Methods       -  > 
Lecture/Discussion  (8  hrs) 
Outside  Assignments  (4  hrs) 

Instructional  Envirorflent/Desiqn  s 
Classroom  (8  hrs)   w            '                                         '    *     .  ' 
Home  Study  (4  hrs)          K,  .                                                         •  * 
Group/Lock*  Step                          -                             -  r 

Instructional  Guidance                                 *  '              '•  « 
Relate  drug  therapy  to  specific  diseases  covered  in  previous  lesson  on 
Cardiovascular  diseases.  -Students  may  use  computer  program  in  Learning 
Resource  Center  to  review  these  hours. 

Column  1  Reference              STS  Reference 

»    .      -             v        8a(8)(c).  8a(6)(h) 

9b                                   8a(8)(ch  8a(8)(h) 

Instructional  Materials 

PT  3ALR9T630-I-9a,  Vectors  and  Trigonometric  Functions 
PT  3ALR91630-N9b,  Basic  Mathematics  ~  Graphs 

Bowen,  ZAO  Vector  Indicator                                 *                      *  • 
Dubin,  Rapid  Interpretation  of  EKGs 

Audio  Visual  Aide 

Transparencies,  Vector  Set  . 
Slide,  Ciba,  No.  1555 

Train inq  Methods  ^ 
Lecture/Discussion  (3  hrs)                                «  t 
Performance  (3  hrs)  t 

PLAN  OF  INSTRUCTION  NO.      3^9^30                              .  1 

DATE       6  0  rtfrt  E75 

BLOCK  NO.  j 

9 AG?  NO.'.  Q 

PLAN  OF  INSTRUCTION  (Continued) 

UH!t$  Of  INSTRUCTION  AND  CRITERION  OBJECTIVES 

DURATION 
(HOURS* 

2 

SUPPORT  MATERIALS  AND  GUIDANCE 

3" 

."■  >  * 

Instructional  Environment/Design 
Classroom  f3  hrs) 
Laboratory  (3  hrs) 
Group/Lock  Step 

10,   Phonocardiography  and  Heart  Sounds 

4 

Instructional  Guidance 

Use  chalkboard  to  plot  QRS  vectors  and  have  students  work  sample  problems- 
Answer  any  Questions  about  programmed  texts.  Complete  PT  3ALR91 630-1 -9a 
as  home  study;  PT3ALR91 630-1- 9b  in  class*   Performance  hours  are 
designed  to  reinforce  student  knowledge  and  not  develop  proficiency. 

Column  1  Reference"            STS  Reference 

a.   Compare  the  action  of  the  four  heart 
valves  with  their  related  hemodynamic 
physiology. 

10a            -  8a(fl)(bJ 
Audio  Visual  Aids 

Phono  Simulator  * 
Transparencies,  Heart  Sounds  Set 

Training  Methods  >' 
Lecture/oiscusslon  (4  hrs) 

Instructional  Envlronment/Oeslon 
Classroom  (4  hrs) 
Group/Lock  Step 

11.   Measurement  Test  and  Test  Critioue 

1 

Instructional  Guidance 

.Duplicate  specific  heart  sounds  with  the  phono  simulator.   Students  should 
not  listen  to  phono  simulator  for  long  periods  of  time  because  sounds 

Will     KoC/WtA    fffff              +■  >N«>^4nniiJiik 

wiii  uecome  qitticuii  to  QiStinguisn* 

* 

a.   Measurement  Test 

* 

b.    Test  Critique 

• 

PLAN  OF  INSTRUCTION  NO.  3ALR91630 

DATE        ^  3  APR^t375                      j  BLOCK  NO.       I                                 j  PACE  NO.  9 

26 


PL  AM  OF  INSTRUCTION  Kontinutd) 

UNITS  Of  INSTRUCTION  AND  CRITERION  OBJECTIVES 

DURATION 
(HOURS) 

SUPPORT  MATERIALS  AND  GUIDANCE 

12.   Arrhythmia  Interpretation 

32 
(22/10) 

(5) 

(5) 

(6) 

(6) 

* 

Column  1  Reference              STS  Reference 

a*    Interpret  arrhythmias  In  the  sinoatrial 

node. 

b.  Interpret  arrhythmias  in  the  atria. 

c.  Interpret  arrhythmias  in  the  atrioven- 
tricular node. 

d.  Interpret  arrhythmias  In  the  ventricle. 

12a/  12b,  12c          •  .        Sa(3),  6a(4),  8a(6)(d),  8a(6)(e) 
12d                                  8a(3),  8a(4),  8a(6)(d),  8a(6)(e)  f 

Instructional  Materials 

Meltzer,  Pennea,  Kite hell.  Intensive  Coronary  Care-A  Maftual  for  Nurses 
Mel tzer.  Intensive  Coronary  Care  Student  Workbook 

ROCOM  EKG  Workbook,  Intensive  Coronary  Care  Multimedia  Learnino  Systems 
ROCOM  Learner's  Workbook,  Intensive  Coronary  Care  Multimedia  Learninq  Svs 
Ritota,  Diagnostic  El ec trot* rd  1 0 <J ra p hy  — 3 — 
Goldman,  Clinical  Electrocardiography 

Audio  Visual  Aids  n 

Rocom  Films:                                                                  *  ■ 

No.  8,  Warning  Arrhythmias  (22  m1n)  .A 

No.  9»  Lethal  Arrhythmias  (19  min) 
Rocom  Fllmstrips:      -  \ 

No.  11,  Types  of  Premature  Ventricular  Contractions  and  Their  Treatment 
(6  3/4  m1n) 

No.  30a,  Interpretation  of  Arrhythmias  Originating  in  the  S-A  Node 
(12  min) 

No.  30b,  Interpretation  of  Arrhythmias  Originating  In  the  Atria 
(13  1/2  min) 

No.  30c,  Interpretation  of  Arrhythmias  Originating  Vi  the  A-Y 

Junction  (15  1/4  min)  V 
No.  30d,  Interpretation  of  Arrhythmias  Originating  In  *he  Ventricles 
(14  1/2  min)          .     *  - 
Slides,  Arrhyttaiia  Set  ' 

Training  Equipment 
Arrhythmia  Reproducer  (10) 
Monitor  Scope  (10) 
EKG  Rulers  (1) 

Trainlnq  Methods 
Lecture/Discussion  (16  hrs) 

Performance  (6  hrs)  / 
Outside  Assignments  (10  hrs) 

PLAN  OF  INSTRUCTION  NO  3ALR91630 

0*T£     2  3  apr  1375                        BLOCK  NO.       I                                       sz.  10 

43 
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PLAN  OF  INSTRUCTION  (Continued) 


UNITS  Of  fNiT  *J'JC  T  (On  AN?  C  mi  CRiON  .OBJF  .1 » VCS 


13.   Treatment  of  Arrhythmias 

a.  Explain  cardiopulmonary  resuscitation. 

b.  Analyze  the  electrical  treatment  of 
arrhythmias. 

c.  Determine  the  drug  therapy  of  specific 
arrhythmias. 

d.  Given  a  manikin,  simulate  precordial 
shock.    Correctly  completing  five  out  of 
seven  items  on  check  11st  3ALR9163(M-13d. 


Pi  AN  OF  INSTRUCTION  no.  3ALR91630 


DURATION 
P  (HOURS 


J 


11 

•  (3) 
13). 

(2) 


0) 


SUPPORT  MATERIALS  AND  OUlDANC£ 


Instructional  Environment/Design 


Classroom  (16  hrs) 
Laboratory  %6  hrs) 
Outside  Assignments  (10  hrs) 
Group/Lock  Step 

j  Instructional  Guidance 

!  Have  students  use  workbook  after  each  set  of  Arrhythmias.   Assign  exer- 
:  dses  1n  learner*  workbook  as  homework  assignments.   An  arrhythmia 
workshop  will  ;be  presented  for  6  hours  after  additional  Information  con- 
cerning treatment  of  arrhythmias  has  been  furnished.   Arrhythmia  repro- 
ducer and  defibrillator  will  be  used.   Students  will  be  required  to 
diagnose  selected  arrhythmias  and  Initiate  treatment  as  needed,  1n  order 
to  reinforce  knowledgeof  subject  matter;,  skill  will  not  be  developed. 

Column  1  Reference  STS  Reference 

J3a —  aa(;)(c),  8a(7)(f)  8a(7)(gV 

13b  4a(2),  7a(8)7TO)(aTI/TO)(a)2,  8a(7)(a)3 

|iI?JSjrSaT^)idj,  __2_e_;  " 

Bat" 


13c 

13d 

Instructional  Materials 


OIU 
Old 


henzcr,  Ftnneo.  Kitchen,  Intensive  Coronary  Care  -  A  Manual  for  Nurses 

Rocom  Learners  Workbook.  Intensive  Coronary  Care  Multlm^*  Ip^nlnn  

System   ■ — ■  ■*■ 


d*te      i  J  APR  19/5 


Audio  Visual  Aids 

Slides,  Cardiopulmonary  Resuscitation  Set 

Film,  Rocom  No.  5,  Interpretation  of  Arrhythmias  and  Their  Treatment 

\\ J  mln; 
F1lmstr1ps,  Rocom: 

No.  g.  Drug  Therapy  of  Arrhythmias  (12  1/2  mlii) 
No.  10.  The  Treatment  of  Specific  Arrhythmias  (7  1/4  m1n) 
No.  25,  Th«  Concepts  of  Cardiac  Pacing  (7  3/4  mln ) 
No.  26,  Transvenous  Pacing  (13  1/2  m1n) 
No.  27,  The  Nursing  Role  in  Cardiac  Pacing  (6  m1n) 
No.  28,- The  Electrical  Treatment  of  Arrhythmias  (11  1/2  min) 
No.  32,  Cardiopulmonary  Resuscitation  (15" min)  *  _____ 


BLOCK  NO. 


I 


PAGE  NO. 


11 


ERJ.C 
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zs 


UNIT*  OF  INSTRUCTION  AND  CRITERION  OBJECTIVES 


V 


14.   Cardiac  Catheterization 

tf.   Explain  the  duties  of  the  cardio- 
pulmonary laboratory  specialist  in  assisting 
with  a  cardiac  catheterization. 


PLAN  OF  INSTRUCTION  (Continue* 


PLAN  OF  INSTRUCTION  NO.    3ALR91 630 


DURATION 
(HOURS) 


SUPPORT  MATERIALS  AND  GUIDANCE 


Training  Equipment 
Defibrillator  OoJ" 
Resusci-Arine  Manikin  (TO) 
Monitor  Sjcope  (1Q) 
Arrhythmia  Reproducer  (10} 

Training  Methods 
Lecture/oiscusslon  (7  hrs)  V 
Demonstration/Performance  (2  hrs) 
Outside  Assignments- (2  hrs) 

Instructional  Environment/Design 
Classroom  (7  firs)  — 
Laboratory  (2  hrs) 
Home  Study  (2  hrs) 
Group/Lock  Step 

Instructional  Guidance 

uemonstrate^procedures  and  point  out  hazards \  Al low  students  to  def ibril 1 
ate  the  manikin.   Use  only  a  maximum  of  50/watt/seconds  on  defibrillator 


(Column  1  Reference 
!  14a  ~ 


I  Training  Eguipnfent : 
j  Transducers  (5) 

^Trainingjfethods 
Lecture/Discussion  (1  hr) 


STS  Reference 

totm).  SatTSTTai ,  6a(16)(b)7^t^(< 


Instructional  Environment/Design 

Classroom  11  hr)  •  

Group/Lock  Step  * 


9*te      z  3  APR  19?S. 


BLOCK  NO. 


°AGE  NO. 


12 


'■His 


47 


9 

FRir 


-                ■   •  * 

*                                          PtAH  OF  INSTRUCTtfPM  (C«nt«mi.cft                             v  . 

••'                       •               .     '  ■           •                                                  ......                              •                     \                                 . .                       ••                 "    ■         :                                     '                  '              .  .   .  ... 

v>    WVTS'CF  ^STRUGTlON  AND  CRITERION  OBJECTIVES 

. ,.   -1    .  '.  ,    .  .. 

DURATION 
^  HOURS*  • 

,                   SUPPORT  WA'TFRfAL's  AND  ?U:i>AN£E                :   ■    ■              '. ' 

3            .'                                                                 '            •                   »  .          -                •  '• 

-      ...«\  •     ,  *   •                                                                   •            .   .    •    •         '         .       ..  '  .        '  •           n  •  • 

Instructional  Guidance  " 

Emphasize  that  the  primary  responsibility  is  that  of  monitoring  the 
electrical  activity  of  the  *eart. 

15.   Related  Training  (identified  in  ajprse 
chart). 

16.  .  Measurement  Test  and  Test  Critique 

■  2 

a.  Measurement  Test 

■  . 
- 

r.".b."  test  Critique 

*• 

PLAN  C-  \5T  RUCTION  NO.  3ALR91630 

PATE/      2  3  APR  13/5                .  ,       BLOCK  NO.       J                                       PAGE  NO.  • 

ERIC 

•':                >    ■                                 5{j  ' 

PLAK  OF  INSTRUCTION 

COURSE  TJTUE 

Cardiopulmonary  Laboratory  Specialist  \ 

BLOC*               •                                                                                                                                                                                                                    .-  V. 

Pulmonary  Medicine 

-  ,  "                 ■-■        .  •     t    fc                 '  '  •        X  • '           '    •          ,   -v     '         ■  - :  ■  •    :                  •  '  .. 

"S  OF.  i.NS  7  RUCT'CN  AND  CRITERION  OBJECT  J  VES 

'        '    .      '  ■  '                                      q                                         '  .   '  " 

DURATION 
(HOURS? 

2 

SUPPORT  MATERI  ALf  ANp  GUIDANCE 

•                •  .     J     .                                                *  • 

1*   Respiratory  Anatomy  and  Physiology 

18 

Column  1  Reference               STS  Reference 

a.   Describe, the  gross  anatomy  of  the  . 
respiratory  tract. 

w«      uApiuifi   mict  iiicui  ici  li  ita  ui    r  cap  I  rou  lull  • 

c.   Describe  gas  exchange  and  transporta- 

tifin                                              *  ' 

I*  lull* 

(14/4) 
(5) 

la.  lb                        tfbTlh  m'i) 

lc                         v  .       8h(lh  8b(2) 

../            ....                                          .  ■. 
Instructional  Materials 

(5) 

Respiratory  Anatomy  and  Physiology 
SW  3ALR91630-M-lc(l)t  Gas  Exchanqe  and  Transportation 
SH  3ALR91630-IWcf2),  Control  of  Respiration 

~CLS   till  nnif         TT    "I  _  f  *S  \      it .  ^    ,  •      .  •             j    •»         »        *       i^.         3  * 

5W  3AIR91630-uhc(3},  Hyperbaric  and  Hypobaric^Physfology 
SG  3ALR9l630^n-la(l)t  Respiratory  PhysioloaV  - Part  I 
SG  3ALR9163<MI-la(2),  Respiratory  Physiology  -  Part  II 
Psychological  Consultants  Inc.  Programmed  Text,  Human  Physiology 
Brady.  Respiratory  Therapy 

Grenard.  Beck,  Rich,  Introduction  to  Respiratory  Therapy  ' 
Grenard.  Beck,  Rich.  Schapira,  Advanced  Studies  In  Respiratory  Therapy 

Audio  Visual  Aids 

Transparencies,  Respiratory  A  and 
Slides,  Respiratory  A  and  P  Set 

FlImstriD  and  Tan*.  Rradv   Thi*  R^nlrAfni^v  Kvc+mm  min\ 

i  i  uuavi       «mu               ui  aujr,    iiic  neap  1 1  ai»urjr  oybtCfn  mm/ 

Training  Equipment 

Segmental  Lungs  (5) 

< 

Training  Methods 

Lecture/Discussion  (14  hrs) 
Outside  Assignments  (4  hrs) 

.  ■ 
Instructional  Environment/Design 

Classroom  (14  hrs) 
Home  Study  (4  hrs) 
Group/Lock  Step 

?.-n:=  ^rR^ccNMO.  3ALR91630 

DATE         £  3 

£?R  1375              :    j  BLOCK  NO*           U                       PAGE  NO.  1,4 

UNITS  OF  INSXRUCTfON  AND  CRITERION  OBJECTIVES 


2.   Respiratory  Disorders 

a.  Describe  the  clinical  features  and 
treatment  of  pulmonary  diseases. 

b.  Explain  the  signs  and  symptoms  of 
respiratory  dysfunction. 

j    'c.   Describe  the  causes  of  Inadequate 
^alveolar  ventilation. 


/ 


PLAN  OF  INSTRUCTION  (Contfoutcn 


PLAN  OF  N >~ RUCTION  NO. 


DURATION 
H  (HOURS) 


13 

(9/4) 


SOFPORT  MATERIALS  AND  GUIDANCE 


Instructional  Guidance 

use  sHaes  and  transparencies  to  illustrate  key  points,  Answer  Questions 
students  have  regarding  workbook  assignments,  questions 

Column  1  Reference 
za,  2b  — 

2  c 


STS  Reference 

8b(5)(a)3;  8b(5)(a}4,  Sb(5)(b)  ~ 
-8b(3),  8F(4),  8hfS}Tft)L-  8b(5)(a)2, 
8b  5  (a)3,  8b(5#I^(5^^ 


Instructfonal  Materials 

uomro<?,  Forster,  Dubois,  Briscoe,  Carlsen,  The  Lung 

Audio  Visual  Aids 

Slides,  Respiratory  Disorder  Set 

Transparencies*  Respiratory  Disorder  Set 

Fllmstrips  and  Cassettes,  Tralnex: 

The  Pathophysiology  of  Emphysema  (50  minf 
Care  of  the  Patient  with  Emphysema  (50  m1n) 

Training  Equipment 
segmental  Lungs  (5) 

Tra1n1nq_Methods 
Lecture/oiscussion  (9  hrs ) 
Outside  Assignments  (4  hrs) 


Instructional 
classroom  (9  Krs) 
Home  Study  (4  h 
Group/Lock  Step 


nvlronment/Desifln 
hrs) 


Instructional  Guidance 

Avr?„H?l!ae^S  prepare  a  <*ase  Presentation  of  a  pulmonary  disorder, 
excluding  those  presented  during  the  lecture/discussion!  Cases  will 
be  prepared  outside  the  classroom  and  Include  signs?  sLtoms   et  o  oav 
treatment,  and  prognosis.    Cases  will  be  discussS  a \  *F% 


DATE 


2  3  APR  1975 


BLOCK  NO. 


3AG'£  NO, 


15 


PLAN  OF  INSTRUCTION  (Continued) 

^               UNITS  < •!               ■    '          #SC      "I7f  HiriN  .lfjr  ■.  I  V 

DURATION 
.  (HOURS 

,                                                 SUPPORT  MATERIAL S  AND  GUIDANCE 

Instructional  Guidance  (Continued) 

end  of  Block  it  after  Information  concerning  respiratory  drugs  and 
pulmonary  function  studies  have  been  furnished.   Presentation  of  case 
is  designed  to  reinforce  knowledge  and  not  develop  proficiency. 

3,    Respiratory  Druqs 

5 

(3/2) 

•% 

Column  1  Reference               STS  Refpr*nrp 

a.    Explain  the  pharmacology  of  broncho- 
dilators. 

3a.  3b  MflHa; 

3c  8c(8)(a! 

[,  8c(8)(b)t,  8c(8)(b)2,  8c(8)(b)3 
1,  8c(8)(b)T,  8c(8)(b)7,  SclajibjT 

^  ^ •     uyvpiain  cue  piiarinacQ i ogy  OT  mucoiy*- 

Instructional  Materials 

Brenard,  beck,  Rich,  Schaptra,  Advanced  Studies  in  Respiratory  Therapy 

c.    Explain  the  pharmacology  of  isotonic 
solutions.   

Traininq  Methods 
Lecture/Discussion  (3  hrs) 
Outside  Assignments  (2  hrs) 

Instructional  Envlronment/Desiqn 

Classroom  (3  hrs) 
Home  Study  (2  hrs) 
Group/Lock  Step 

Instructional  Guidance 

disSssiondrUgS         Spec1f1c  d1seases  Presented  in  earlier  lectures/ 

4.   Measurement  test  and  Test  Critique 

1 

a.   Measurement  Test 

Pi 

b.    Test  Critique 

5.   Gas  Laws 

9 

(7/2) 
(2) 

Column  1  Reference               STS  Reference 

*    a.    Explain  the  procedure  for  converting 
temperature  from  one  scale  to  another  using 
the  fahrenheit,  centigrade,  and  Kelvin  scales. 

ba'  5b'  5c                          8bi6Maii'  8bf6)(a)2,  8b(6)(a)3,  8bf6Ha)4, 

8b(6  a)F,  8b(6)(afe  8b(6)ia)7,  8b(6  (a  B~ 
8b(6)Ca)5,  8b(6)(a}Tb,  8b(6)(aTli,  8b(6)(all2 

PLAN  OF  INSTRUCTION  NO.  3ALR91630 

5ATE      %  3  APR  1375  '              |  block  no.  U 

|  pace  no.  16 

o 
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♦                                                            PI  AK  OF  INSTRUCTION  (Coiitinucd)  \ 

'■      .          UNITS  OF  INSTRUCTION  AND  CRITERION  OBJECTIVES 

DURATION 
(HOURS) 

SUPPORT  MATERIALS  AJO  GUIDANCE 

,3                                               ;         .  .  ,                                           *  * 

b.   Explain  five  gas  laws  related  to 
pulmonary  function  studies. 

Explain  the  procedure  for  solving 
gas  law  problems  involving  temperature > 
pressure »^nd  volume. 

(2) 
(3) 

Instructional  Materials 

3ALW1«0-Il-St  6as  Laws 
PT  3ALR9163Q-II-5CO),  Basic  Mathematics-  Fractions 
PT  3ALR9T630-II-5c(2),  Algebraic  Expressions 
PT  3ALR91630-II~5c(3),  Basic  Mathematics  -  Algebraic  Equations 
Grenard,  Beck,  Rich,  Introduction  to  Respiratory  Therapy 

Audio  Visual  Aids 

Transparencies,  Gas  Laws  Set  - 

J 

Training  Methods 
Lecture/Discussion  (4  hrs) 
Performance  (3  hrs) 
Outside  Assignments  (2  hrs) 

.  \ 

j 
i 

Instructional  Environment/Desiqn  - 
Classroom  (4  hrs) 
Laboratory  (3  hrs) 
Home  Study  (2  hrs) 
Group/Lock  Step 

Instructional  Guidance 

Give  examples  of  gas  Taws  and  work  out  sample  problems.   Have  the  students 
work  gas  law  problems  in  SW  3ALR91 630-1        Programed  text  will  be 
completed  as  home  study.   Performance  hours  are  designed  to  reinforce 
knowledge  but  no  proficiency  is  developed. 

6*    Slide  Rules  and  Nomograms  . 

a*    Explain  howt mathematical  problems  are 
solved  with  a  slide  rule. 

4 

1 
i 
i 

Column  1  Reference                STS  Reference 
Mi  6b  8bt6Kb)6 
6c  8b(6)(b)?; 

b*    Explain  the  use  of  nomograms. 

c.   Explain  the  use  of  the  Collins  Pul- 
monary Function  computer* 

j 

Instructional  Materials 

S6  3ALR91 630-1 I-6b,  Nomograms 

Slonim,  Bell,  Christensen,  Cardiopulmonary  Laboratory,  Basic  Methods  and 
Calculations 

Pi.  AN  OF  INSTRUCTION  NO-  3ALRgl630 

PATE        ^  o  flpft                                |  BLOCK  NO.                                           |   °AGF  NO. 

PL  AN  OF  INSTRUCTION  (Continued)  , 

•   .  Y 

^       UNIT  »  0*  in  \\  Wt/CTION  ANO  CRITERION  OBJECTIVES 

DURATION 

.  {HOURS; 

3 

>c  ?  pOR  T  MA  *  F  RIAL  ;  AND  JUIDANCE 

7.  Spirometer 

a.   Explain  the  operational  check  of  a 
Collins  Spirometer. 

2 

Training  Equipment 
Slide  Rules  (V) 

Pulmonary  Function  Computers  (1) 

Trainlnq  Methods 
lecture/Discussion  (1  hr) 
Demonstration  (1  hr) 
Performance  (2  hrs) 

Instructional  Envlronment/Deslqn 
Classroom  (2  hrs) 
Laboratory  (^Jrs) 
Group/Lock  Step 

Instructional ^Guidance 

Performance  hoars  are  limited  to  working  sample  problems  to  Insure 
students  have  a  working  knowledge  of  slide  rules  and  computers. 

Column  1  Reference               STS  Reference 

7*                                     4a(Z),  6d,7a(8),  8b(6)(b)5,  8b(6)(b)U 
Instructional  Materials 

Sionttu  Bell«  Chrlstensen.  Cardiopulmonary  Laboratory  Basic  Methods  and 
Calculations 

Training  Equipment 
Spirometers  (3) 

Training  Methods 
Lecture/Discussion  (1  hr) 
Demonstration  (1  hr) 

Instructional  Envlronment/Deslqn 

Classroom  (2  hrs)                                  >  V 
Group/Lock  Step 

plan  of  instruction  no.      3ALR91630                          |  *ATE     %  3  APR 

BLOCK  NO.  jj 

PAGE  fcC. 
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3  ■  

PLAN  OF  INSTRUCTION  (Continued) 

.    UNITS  OF  INSTRUCTION  AnD  CRITERION  OBJECTIVES 

OURATION 
(HOURS) 

3                                                  SUPPORT  MATERIALS  ANO  CUIOANCE  £V 
~    £  —  '  :  ^  ^— ,  - 

0 

Instructional  Outdance  r 

Have  students  feel  the  difference  tn  resistance  with  the  soda  lime 
cannlster  In  and  out. 

8.   Add  Base  Balance  I 

a.    Explain  the  signs  and  symptoms  of 
respiratory  .acid  base  disturbances. 

14 
(10/4) 

"(4) 

Column  1  Reference               STS  Rpfpronrp 
ft""-      ■                            «b(J),  8b(4) 
*b                                     8b(3),  8b(4) 

b.  Explain  the  signs  and  symptoms  of 
metabolic  acid  base  disturbances; 

c.  Describe  the  method  of  obtainlna 
1  logarithms  from  a  slide,  rule  J  '  . 

instructional  Materials 

56,3AUR91630-II-8c,  Common  Logarithms 

Grenafd,  Rich,  Beck,  Introduction  to  Resolratorv  Theraov 

Winters,  Engel,  Dell,  Acid  Base  Phvsiolooy  In  Medkinp 

1JMro  Visual  Aids 
nimstrlps  and  Cassettes,  Tralnex:  v  *" 
Compensation  of  Imbalances  (50  m1n) 
Respiratory  Acidosis  and  Alkalosis  (50  m1n) 
Metabolic  Acidosis  and  Alkalosis  f 50  mini 

*y              ■  ■  r»«"  1  WiJ  1  d      ^  w  W    III  Illy 

Training  Equipment  . 
i.hde  kules  (V) 

•Trainlnq  Methods 

Lecture/discussion  (8  hrs)  ■■ 
Performance  (2  hrs) 
Outside  Assignments  (4  hrs) 

Instructional  Environment/Deslqn 

Classrdom  (8  hrs) 

1  a hnr* atrial/  (0  hr>c\ 
uauur  aiury  ic.  nrs  / 

Home  Study  (4  hrsj  , 

Group/Lock  Step 

* 

Instructional  Guidance 

Kevlew  use  of  the  slide  rule  and  basic  mathematics.    Performance  hours 
are  limited  to  converting  whole  numbers  to  logarithms  to  Insure  that  1 
students  have  a  working  knowledge  of  the  conversion  process. 

plan     ik$-*.:-on  no.  3ALR91630 

OAT  E      2  3  A 

'3   1375                         |  BLOCK  NO.            j  j                              |   ^OENO.          -|g         \      .  ~ 
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D     .                                              '   '         •     ~  '"  .''         :  ~                       '  :  :  — ^  ;  i  _ 

•;.     *  PL  AN  OF  INSTRUCTION  (Continued) 

;               HN'T<        N'T  RUCTION  AND  CRITERloVj  OBJECTIVES. 

DURATION 
■  (HOURS) : 

3                   .     ,                         SUPPORT  wAT€RiA.^  AND  GUIDANCE 

■■■■■ ' •  1 

9,   Measurement  Test  and  Test  Critique 

a.  Measurement  Test 

b.  Test  Critique  , 
10.    Pulmonary  Function  Studies 

a.  .   Explain  the  performance  and  calcula- 
tions of  volume  studies. 

b.  Explain  the  performance  and  calcula- 
tion of  flow  rate  studies. 

c.  Describe  diffusion  studies,  d 

d;   Using  a  9  liter  spirometer ,  perform 
and  calculate  routine  spirometry  studies. 
Correctly  perform  all  items  on  checklist 
3ALR91630-IKKW.    Instructor  assistance 
permitted, 

.     C"  ■ 

PLAN  OF  INSTRUCTION  NO.      ofti  DQ1£?A  1 

1 

16 

(12/4) 
(3) 

(3) 
(1) 

(5) 

DATE      A  4  1C' 

Column  1  Reference              STS  Reference 

,ua                                 «bC6j(a)l.  8b(6)(a)2.  8b(6)(a)8.  8b*(6)(a)9 

8b(6)(a)10,  8b(6)(b)9,  8b(6)(b)10, 

ln.  8b(6)(b)T£   

,0b                                   8b(6)(a)3,  8>(6Ka)£,  8b(6)(a)5,  8b(6)(a)6 
inr  ipi2.«7TiJTr 

'                                  8b(6)(a)Jl.  8b(6j(a)l2,  8b(6)(b)7,  8b(6)(b)8 
10d                                   4a(2)  p 
Instructional  Materials                 S               *  / 
Si  SMS i'lMll*  Bas1c  M*t««Wt1cs  Percentage  • 

f0Ca^cuUtton?H$t'nSen,  C,rd1oDulmonary  Laboratory  Basic  Methods  and 

;  Audld  Visual  Aids 

Transparencies,  Pulmonary  Function  Set 

Slides  and  Tapes,  Monaghan: 

Medical  Aspects  of  Pulmonary  Function  Testing  (60  mln) 

Theory  and  Operation  of  Monaghan  Pulmonary  Funptlon  Analyzers  (60 mln) 

Pulmonary  Function  Computers  (1) 
Spirometers  (3) 

Tralnlnq  Methods 
lecture/Discussion  (5  hrs) 
Demonstration  (1  hr) 

< 


PLAN  OF  INSTRUCTION  (Continued)  * 


UNITS  OF  INSTRUCTION  AND  CRITERION  OBJECTIVES 


11.    Acid  Base  Balance  II 

a.  %  Describe  arterial  blood  gas  values 
associated  with  acid  base  disturbances. 

b.  Explain  the  Henderson-Hass£lbalch 
equation. 

c.  Describe  the  use  of  the  Henderson- 
Hasseibalch  equation  in  verifying  blood  qas 
values.  3 


DURATION 
_  (HOURS) 


PLAN  OF  INS"J?»jCTiON  NO. 


3ALR91630 


(10/4) 
(2) 
(2) 

(6) 


SUPPORT  MATERIALS  AND  GUIDANCE 


Instructional  Environment/Design 

Classroom  16  hrs)  

Laboratory  (6  hrs) 
Home  Study  (4  hrs) 
Group/Lock  Step 

Instructional  Guidance 

riave  students  pair  off  and  perform  studies  on  each  other. 


Column  1  Reference 
Ha.  lib,  lie  


STS  Reference 
8b(6)(a)14 


Instructional  Materials 

V\  iALk»l636-IM1cnjB  Powers  of  Ten 

PT3ALR91630-IMic(2i;Mathema?ic^^ 

Grenard,  Rich,  Beck,  Introduction  to"  Respiratnry  Therapy 

Winters.  Engel.  Dell  .lOTiii^hys^loqv  in  mLIS^ 

Audio  Visual'  Aids 
Hlmstrlp  and  Cassette,  Trainex: 
Body'^s  Regulation  of  pH  (50  min) 

Slide  Rules  (!) 

Training  Methods 
Lecture/Discussion  (4  hrs) 
Demonstration/Performance  (6  hrs)  , 
Outside  Assignments  (4  hrs)  1 

Instructional  Environment/Design  * 
Classroom  (4, hrs)  <T~^ 
Laboratory  (6  hrs)  , 

Home  Study  (4*  hrs!  x      r  ,  ' 

Group/Lock  Step       *    '  '  * 


%  3  APR  1975 


BLOCK  NO. 


II 


•'AOE  NO. 


21 


9 
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PLAN  OF  INSTRUCTION  (Continued) 

UN  1  i  OF  'NS1KUC1ION  AND  CRITERION  OP  JRCHVE5 

1 

DURATION 
(HOURS' 

2 

a 

SUPPORT  MATERIALS  AND  GUIDANCE 

3 

V 

* 

Instructional. Guidance 

Review  basic  mathematics.    Performance  hours  are  limited  to  working 
sample  problems  to  Insure  students  have  a  working  knowledge  of  the 
Henderson-Hasselbalch  equation.   Programmed  texts  3ALR91 630- I I - 1 1 c ( 1 ) 
and  3ALR91 630-11-11 c (2)  are  completed  during  home  study. 

12,    Blood  Gas  Studies  ^ 

a.  Match  the  arteries  used  with  the 
types  of  studies  performed, 

b.  Describe  the  types  of  diagnostic 
equipment. 

* 

c.  Explain  the  collection  and  storage  - 
of  samples. 

d.  List  the  steps  In  performing  a  single 
arterial  puncture: 

9 

(7/2) 
0) 

(2) 

(2) 
"  (2) 

Column  1  Reference               STS  Reference 

iza,  12b,  IZc                     4a{2).  6d,  8b(6)(a)J3,  8b(6)(a)14,  8^6)^)1, 

8b(6)(b)2,  8b(6)(b)17  8b(6)(b)47^b(6)(b)12 

12d                                   4a(2),* 6J,  8b(6Ha)T3.  8b(6)(aTl4,  8b(6)(FJ]J 

8b(6Wbi2    fibffiWhi?    fih/fiWhil'  flh/fiWhl14 

Instructional  Materials 

SG  3ALR91630-II-12d,  Arterial  functures 

Audio  Visual  Aids 

Film  loop,  Rocom,  Arterial  Puncture  (20  m1n) 
F1lmstr1p  and  Cassette,  Tralnex: 

Arterial  "Samples  for  Blood  Gas  Analysis  (50  min) 
Transparencies ,  Blood  Gas  Set 

•  * 

training  Equlnnent 
Treatment  Tables  (3) 
Sodium  Heparin  (10) 
Sec  Syringes  (1) 
21  gauge  needles  (1) 
Alcohol  sponges  (1)  " 
Band  aids  (1) 

Training  Methods 
Lecture/Discussion  (4  hrs) 
Demonstration/Performance  (3  hrs) 
Outside  Assignments  (2  hrs) 

■a                  °  - 

PLAN  OF  INSTRUCTION  NO.  3ALR91630 

date     a  a  ArR  1d?5  "                  block  no,                                  page  no.  _ 
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PLAN  OF  INSTRUCTION  (Continued) 


UMTS  OP  INSTRUCTION  AND  CRITERION  OBJECTIVE^ 


OUR  AT  ION 
_  (HOURS) 


T3.   Postural  Drainage 

a.  Explain  three  methods  of  performing 
postural  drainage. 


PLAN  OF  INSTRUCTION  NO. 


3ALR91630 


DATE 


SUPPORT  MATERIALS  AND  GUIDANCE 


Instructional  Environment/Design 
Classroom  (4  hrs) 
Laboratory  (3  hrs) 
Home  Study  (2  hrs) 
Group/Lock  Step 

Instructional  Guidance 

conclude  lecture  with  Rocom  fllrostrlp  and  then  demonstrate  a  "single 
stick  V  using  the  radial  artery.    Have  students  pair  up  and  perfoS  the 
procedure  on  each  other.    Proficiency  Is  not  required    Perfonwnce  of 


Column  1  Reference 
T5a  ' 


STS  Reference 

BcITOHIT;  8c(10)(b).  8cfl0}(c)f  8c(ll) 


Instructional  Materials 

Grenard,  Rich,  Beck,  Schapira,  Advanced  Studies  In  Respiratory  Therapy 

Audio  Visual  Aids 
Mimstrlp  and  Cassette,  Tralnex: 
;       Postural  Drainage,  Clapping  and  Vibration  (50  mln) 

!  Training  Equipment 
i  ireatment  tables  (3) 

J  Training  Methods 

I  Lecture/Discussion  (1  hr) 

j  Demonstration/Performance  (1  hr) 

i  ■     ^  , 

Instructional  Environment/Design 
classroom  (1  hr)  ^ 
Laboratory  (1  hr) 
Group/Lock  Step 


2£ 


fiLOCK  NO. 


II 


=  i  "j  E  NO. 


23 


63 


iU 


V 


PLAN  OF  INSTRUCTION  (Continued) 


UNIT  »  m  'NST  RUCTION  AND  CRITERION  OBJECTIVES 


DURATION 
(HOURS 


SUPPORT  MATERIALS  AND  GUIDANCE 


14.  Related  Training  (identified  In  course 
chartT 

15.  Measurement  Test  and  Test  Critique  * 

a.  Measurement  Test 

b.  .Test  Critique 


PLAN  OF  INSTRUCTION  NO.        3ALR91 630 


InstructionalGuldance 

Illustrate  lecture  by  demonstrating  postural  drainage  on  a  student. 
Have  students  practice  positions  on  each  other.   The  performance  hour 
is  designed  to  reinforce  knowledge  requirements  only  and  not  to 
develop  proficiency. 


date    a  a  Ara  1975 


BLOCK  NO.  J! 


PAGE  NO.  24 
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7, 


PLAN  OF  INSTRUCTION 
— *  ' 

COURSL  TITLE 

Cardiopulmonary  Laboratory  Specialist 

BLOCK  TITLE 

Introduction  to  Respiratory  Therapy 

UNITS  OF  INSTRUCTION  AND  CRITERION  OBJECTIVES 

1 

duration 

(HOURS) 

2 

SUPPORT  MATERIALS  AND  GUIDANCE  9 

1.    Introduction  to  ResplratoVy  tfherapv 

1 

\  5 
(3/2) 

Column  1  Reference               STS  Reference 

a.  Describe  the  organlzatrbfi  of  a  respira- 
tory therapy  department. 

b.  List  the  services  offered  by  a  respira- 
tory therapy  department. 

2.    Safe  Use  of  Medical  Gases 

la                                 2a,  2b,  7b(2J 
lb                                  2a.  2b,  7b(2) 

Instructional  Materials 

Egan,  Fundamentals  of  Respiratory  Therapy 

AART  Application  Forms 

Training  Methods 
Lecture/Discussion  (1  hr) 

Instructional  Environment/Design 

Classroom  (T  hr)  / 
Group/Lock  Step  1 

Column  1  Reference               STS  Reference  / 

a.  Explain  the  safety  systems  used  with 
medical  gases. 

b.  Describe  the  use  of  regulators  and 
flowmeters. 

2a                                  8c (3)  / 
2b                                     4a(2),  8c(4)  / 

Instructional  Materials 

Brady,  Respiratory  Therapy  / 
Grenard,  Beck,  Rich,  Introduction  to  Respiratory  Therapy  ^ 
Bennett,  Flow  Regulator  Punchout 

Audio  Visual  Aids 
Transparencies,  Medical  Gases  Set 

Training  Equipment 
Gas  Regulators  (5) 

Tralnlnq  Methods  / 
Lecture/Discussion  (3  hrs) 
Outside  Assignments  (2  hrs) 

pl  an     instruction  no.  3ALR91630 

date      &  SAPR«975                  blc:<no.           HI                 =  Aot  no.  25 

PLAN  OF  INSTRUCTION  (Continued) 


UNITS  OF  INSTRUCTION  AND  CRITERION  OBJECTIVES 


3.    Humfdification  and  Aerosol  Therapy 

a.  Describe  the  conditioning  of  inspired 
afr  by  humidity  and  aerosol.  '"spirea 

b.  Explain  the  operation  of  jet  nebulizers 

t  c.   Explain  the  operation  of  ultrasonic 
nebulizers. 

d.   Describe  three  types  of  humidifiers. 


OURATION 
(HOURS) 


V- 


plan  of  inst rjction  no.    3AtR91 630 


SUPPORT  MATERIALS  AND  GUIDANCE 


Instructional  Envlronment/DpsW 
Classroom  (3  hrs)  *~ 

Home  Study  (2  hrs)  # 
Group/Lock  Step  f 

Instructional  Guidance 

;eV\o^>;ie^.eXamPleS  °f  1mpr°Per  USes  of  medical  *«'  fr» 

Column  1  Reference 
3aT  

3b,  3c 

3d 


STS  Reference 

2[!{;  *<z«<=>.  M2)tt),  ec(t)(e)h 

Instructional  Materials 
Bragy,  Respiratory  Therapy 

Therapy  '  "*  dnt>  ^hapira,  Advanced  StudJp.  Jfe^,.^. 
Audio  VUuafAIri* 

iransparencfes,  Hum1dif1cation  and  Aerosol  Set 
Sound  Tapes,  Monaghan:  ,  wwoi  aec 

Ultrasonic  Nebulizers  (50  min) 

Joining  Equlpmptit 

Devilbiss  Ultrasonic  Nebulizer  (10) 

Training  Method!; 
Lecture/Discussion  (3  hrs) 


date     f  3  APR  197S 


BLOCK  NO. 


Ill 


°ACE  NO. 


-2L 
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PLAN  Of  INSTRUCTION  (Continued) 

-»N'Ti  OF  INSTRUCTION  AND  CRITERION  OBJECTIVES 

DURATION 
(HOURS! 

'  4 

SUPPORT  MATERIALS  AND  GUIDANCE 

3.  . 

Instructional . Envlronment/Desiqn 
Classroom  (3  hrs) 
Group/Lock  Step 

•  *  ' 

* 

4.    Intermittent  PosTEIve  Pressure  Breathlna 
(iPPb) 

a.  Describe  the  Indications  for  the  use 
of  IPPB., 

b.  Explain  the  .technique  for  IPP8  therapy. 

c.  State  the  hazards  of  1PPB  therapy* 

(5/2) 

Instructional  Guidance 

Relate  tne  use  of  humidity  and  aerosol  therapy  to  specfflc  pulmonary 
disorders. 

Column  1  Reference               STS  Reference 

4a»  4b                               '•<»*).  Ac(2)(a).  4fe(2)(b).  8c(3),  8c(4), 

4c                                   7»W..8c(2)(a).  8c(2)tb).'  8c(3h  8c(4). 

8c(5) 

Instructional  Materials 
Brady,  Respiratory  Therapy 

Grenard,  Beck,  Rich  and  Schaplra,  Advanced  Studies  In  Respiratory  Therapy 

• 

Audio  Visual  Aids 
Transparencies,  IPP8  Set 

Slide  Tape,  Moriaghan.  Medical -Physical  Aspects  of  Positive  Pressure 

Rrjkaf*hinn  f&fi  mini 

QicflLnifHj  \%>\j  mm/ 

Training  Equipment                                                  ^  1 
Respirator,  Bird  Mark  7  (2)  ' 

Training  Methods 
Uscture/D1scuss1on  (4.5  hrs) 
Demonstration, (.5  hrs) 
Outside  Assignments  (2  hrs) 

Instructional  Environment/Deslan 

• 

|  PLAN  OF  INSTRUCTION  NO,  3ARLR91630 

Classroom  (5  hrs) 
Home  Study  (2  hrs) 
Group/Lock  Step 

°*TE       n  3  A?R   B75                             BLOCK  NO.            HI                               PAGE  NO.  27 

PLAH  OF  INSTRUCTION  (Continued) 


UNITS  OF  INSTRUCTION  AND  CRITERION  OBJECTIVES 


5.    Pediatric  Ventilation 

a.  Describe  the  problems  and  limitations 
of  pediatric  ventilation. 


6.    Indications  for  the  Use  of  Oxygen 

a*  Describe  the  indications  for  the  use 
of  oxygen  therapy. 


PLAN  Or  NS 


~s.:t.on  nc  J  3^ 


LR9T630 


DURATION 
^  (HOURSV 


(2/2) 


SUPPORT  MATERIALS  AND  GUIDANCE 


r 


Instructiong,!  guidance 

hmpnaslze  that  this  lesson  Is  to  give  the  student  basic  understanding 
ofjhe  therapy  and  not  the  mechanics  of  the  operation. 

Column  1  Reference  STS  Reference 

~  Ac (2) (a),  3c (2) (b) 

Instructional  Materials 

Brady,  Newborn  Respiratory  Tract 

Audio  Visual  Aids  . 
slides,  Brady,  Newborn  Respiratory  Tract 

Training  Methods 
Lecture/Discussion  (1  hr) 

Instructional  Environment/Design 
Classroom  (1  hr)  w 
Group/Lock  Step 

Instructional  Guidance 

Point  out  specific  problems  in  this  area  that  are  not  found  in  adult 
ventilation. 


STS  Reference 

BcUHa),  8c(l)(b),  8c(l)(c),  8c(l)(d) 


Column  1  Reference 
5T~  _ 

Instructional  Materials  *• 
Brady,  Respiratory  Tfierapy 

Audio  Visual  Aids  * 

Transparencies,  Indications  for  the  Use  of  Oxygen  Set 

Training  Methods 
Lecture/Discussion  (2  hrs) 
Outside  Assignments  (2  hrs) 


DaTe     z  3  APP.  1:J7S 
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PLAN  OF  INSTRUCTION  (Continued) 


UNITS  I"    N>  J  RU'  7:ON  anD  i  RJTfmr<N  OBJECTIVES 


DURATION. 
'HOURS' 


support  ma rrs 


AND  GUiOANCE 


7.    Oxygen  Equipment  « 

a.  Describe  the  use  of  nasalfcatheters/ 
cannula. 

b.  Explain  the  operation  of  oxygen  masks,. 

c.  Explain  the  use  of  oxygen  tents. 


Instructional  Environment/Design 
Classroom  (2  hrs)  - 
Home  Study  (2  hrs) 
Group/Lock  Step 

Instructional  Guidance 

Discuss  malfunctions  of  the  cardiopulmonary  system  that  lead  to  the 
use  of  02.    Emphasize  the  cause  of  the  malfunction  by  using  selected 
transparencies.  ^ 

Column  1  Reference 
7a- 
7b 

7c 


STS  Reference 
4a(2),  6df  7a(3),  8c(l 
4a  2  ,  6d,  7a(8),  8cC]f ^ 
4a(2),  6d,  7a(8)f  8c(l)(a 


8c(l)(d) 


Instructional  Materials 
Brady >  Respiratory  Therapy 
Egan,  Fundamentals  of  Respiratory  Therapy 
Gr ena rd,  Beck,  and  Rick,  introduction  to  Res pi 


ratory  Therapy 


Audio  Visual  Aids 

Transparencies,  Oxygen  Equipment  Set 


Training  Equipment 
Catheters/Cannula 
Oxygen  Mask  (10) 


(10) 


Training  Methods 
Lecture/Discussion  (3  hrs) 

Instructional  Environment/Design 
classroom  (3  hrs) 
Group/Lock  Step 

Instructional  Guidance 

Pass  around  examples  of  02  equipment  after  the  lecture. 


PLAN  OF  INSTRUCTION  NO. 


DATe     IJArft  b;5 


BLOCK  NO. 
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PLAN  0?  INSTRUCTION  (Continued) 


UNITS  CONSTRUCTION  AND  CRITERION  OBJECTIVES 


J.   Management  of  the  Comatose  Patient 

a.  Describe  the  technique  of  dealing 
*lth  the  unconscious  patient. 


\ 


h    Respirators  I 

a,  Explain  the  operation  of  Bird 
•esplrators.  . 

b.  Oescribe  special  breathing  assenblies. 


DURATION 
„  (HOURS* 


13 
(9/4) 


SUPPORT  MATERIALS  AND  GUIDANCE 


CoTumii  1  Reference 
Ha  — : —  


STS  Reference 

MUlsli  acl2)(a),  8c(2){b) 


Audio  Visual .Aids 

Him,  TF8-3224,  Emergency  Airway  Maintenance  (26  min) 

Training  Methods 
Lecture/Discussion  (1  hr) 

Instructional  Environment/Design 

Classroom  (1  hr)  - 

6noup/Lock  Step  * 

Instructional  guidance 

conclude  with  the  film  on  airway  maintenance,  Watch  class  closely  for 
students  passing  out*  J 

Column  1  Reference,  v 


STS  Reference 
4a{2),  8c(2)(a) 


9a,  9b 

Instructional  Materials  * 

iALR^630-III-9a.,  Bird  Respirators  •  •  r 

Bird  Catalog  ,        ♦  •  1 

Grenard,  Beck,  and  Rich,  Introduction  to  Respiratory  Therapy 

Audio  Visual  Aids  /  ^ 

Transparencies,  Bird  Respirators,  Set  0  - 

Slides,  Bird  Respirators  Set  0 
Filmstrlps  and  Cassettes,  Trainex: 
„   IPPB-I-Bird  Mark  VII  (50  min) 
cl  IPPB^I-Behnett  Pr-1  ($0  min)  ~ 

MachiSIs   Theory  and^p^at1on  of  Monaghan  Positive  Pressure  Breathing 

Training  Equipment 
Bird  Respirators  (5) 


DATE 


2  3  APR  1975 
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PLAN  OF  INSTRUCTION  (Continued) 


UNIT 5  C*-  INSTRUCTION  AND  CRITERION  OBJECTIVES 


10.  Intubation 

a.  Explain  the  Indications  and  side 
effects  of  Intubation. 

b.  Describe  the  types  of  endotracheal 
tubes. 

c.  Describe  the  steps  1n  Intubating  a 
patient. 


PLAN  OF  INSTRUCTION  NO.  3ALR91630 


PURATION 
,  (HOURS) 


SUPPORT  M AT f  RIALS  AND  GUIDANCE 


Training  Methods 
Lecture/Discussion  (7  hrs) 
Demonstration  (2  hrs ) 
Outside  Assignments  (4  hrs) 

Instructional  Enylconntent/Design 
Classroom  (9  hrs) 
Home  Study  (4  hrs) 
Group/Lock  Step 


Column  1  Reference 
TOa  ' 
10b 
10c 


STS  Reference 
4a(2).  8c(9)(c) 


Instructional  Materials 

Grenard.  Beck  and  Rich,  Advanced  Studies  In  Respiratory  Therapy 
Brady,  Respiratory  Therapy 

Audio  Visual  Aids  " 

transparencies,  Intubation  Set 

Film  Loop,  Rocom,  Endotracheal  Intubation  (20  m1n) 

Training  Equipment  L 
Intubation  manikins  (5) 
Endotracheal  tubes  (5) 
Laryngoscope^  (5) 

Training  Methods 
Lecture  (1  hrf) 

Demonstration/Performance  (1  hr) 

Instructional  Environment/Design  n 
Classroom  (T  hr] 
Laboratory  (1  hr)  , 
Group/Lock  Step 


date       %  3  APR  7373 


BLOCK  NO.  HI 
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, »       UNlfS  OF  INST*.:-  CN  AND  CRITERION  OBJECTIVES 


1-    Measurement  Test  ahd  Test  Critique 

a.  Measurement  Test 

b.  Test  Critique 
2.    Respirators  II 

a-  Describe  the  operation  of  Bennett 
ressure  limited  ventilators. 

bi  •  Explain  the  Operation  of  volume 
united  ventilators.  > 


— \  — 

PLAN  OF  INSTRUCTION  (Continued) 


\H  OF  INSTRUCTION  •. : 


3ALR91630 


DURATION 
,  (HDURS) 


12 
(8/4) 

(4) 


(4) 


SUPPORT  MATERIALS  AND  GUIDANCE 


Instructional  Guidance 

demonstrate  oral  and  nasal  intubation  and  allow  students  to 
procedure.  Check  for  positioning  of  the  tubes  and  inflated 
The  performance  time  is  designed  tp  reinforce  knowledge  and 
proficiency,  3 


perform 
cuff, 

not  develop 


Column  1  Refe re  nc  e 

T25  

12b 


STS  Reference 
4a (2 J,  8c(2TTa) 
4a(2),  8c(2)(b) 


Instructional  Materials 
Bennett  Training  Manual 

Grenard,  Beck  and  Rich,  Introduction  tn  Respiratory  Therapy 

Audio  VisuaVAids 
Mlmstrips  and  Cassettes,  Trainex: 
IPPB  -  If     Bennett  Pr-1  (50  min) 

Training  Equipment 
Bennett  Respirator  £10) 

Training  Methods 
Lecture/Discussion  (7  hrs) 
Demonstration  (1  hr) 
Outside  Assignments  (4  hrs) 

Instructiona 1  Environment/ftp*  inn 

6l^ssroom  (8  hrs)  ■ 

Home  Study  (4  hrs) 
Group/Lock  Step  *" 


* 


g  3  APR  197:- 
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PLAN  OF  INSTRUCTION  (Continued) 


l*  rt4  oIUFl  TIVFS 


13.    Post  Operative  Complications 

Fa 


a.  Describe  the  pulmonary  risks  of 
sDrgery. 

b.  Explain  nine  pulmonary  complications 
of  surgery. 


14.    Sterilization  of  Equipment 

a.  Describe  the  protocol  for  a  bacterio- 
logical check. 

b.  Explain  three  types  of  hea£  disin- 
fection. \ 

c.  Select  the  advantages  and  disadvantage 
of  gas  sterilization. 

d.  Describe  the  technique  for  cleaning 
and  cold  sterilization. 


PLAN  Oc   nSTR.CT/ION  NC. 


3ALR91630 


DURATION 

(HOURS' 


1 


6 

(4/2) 


SUPPORT  MATERIALS  AND  GUIDANCE 


Instructional  Guidance 

Present  maintenance  hours  at  the  end  of  course  in  order  to  keep  student 
interest  the  l*st  two  days. 


Column  1  Reference 
73a  ! 

13b 


Instructional  Materials 
Brady,  Respiratory  Therapy 
Grenard,  Beck,  and  Rich,  Ii 


STS  Reference 

8c(ZJ(a)t  8c(2)(b),  8c(10)(a),  8c(10)(b),' 
8c(10)(c),  8c(ll) 

8c(2)(a),  8c(2)(b),  8c(10)(a).  8c(10)(b), 
8c(10)(c).  8c(ll)   ,      '  1 


ntroductlon  tP  Respiratory  Therapy 


Audio  Visual  Aids 
Transparencies,  Post  Operative  Complications  Set 

Training  Methods 
Lecture/Discussion  (2  hrs) 

Instructional  Environment/Design 
Classroom  (2  hrs) 
Gifoqp/Lock  Step 

CoTumn  1  Reference  STS  Reference 

T*i  6d,  7a [8}  

14b  6df  7a  8  ,8c 

14c  -  -  "  "{  — 

14d 


-  .  ,  ,  .  -,.6 
6d,  7a(8),5c« 
6d,  7a(8),gfg; 


Instructional  Materials 

Grenard*  Beck,  and  Rich,  Introduction  to  Respiratory  Therapy 
Brady,  Respiratory  Therady   

Audio  Visual  Aids 
transparencies,  Sterilization  Set 


date      ft  1  APR  1375 
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UNITS  OF  INSTRUCTION  AND  CRITERION  OBJECTIVES 


15.    Prolonged  Artificiaf  Ventilatl 


on 


a.  List  five  indications  for  prolonged 
Icial  ventilation. 


.irtifl 


b.  Describe  four  types  of  respiratory 
lead  space.  r 

c.  Explain  sighing  and  airway  mainten- 

mce^y  *  i 

d.  Describe  the  problems  Involving 
Infant  ventilation.       w  . 


( 


PLAN  OF  INSTRUCTION  (Continued) 


DURATION 
,  (HOURS) 


6 

(4/2) 


an  op  .nstruction  no.  3ALR9T630 


5UPPORT  MATERIALS  AND  GUIDANCE 


Training  Methods     •  ■  , 

Lecture/Discussion  (4  hrs)  * 
Outside  Assignments  (2  hrs) 

Instructional  Environment/Desicrn 
Classroom  (4  hrs)     ~"  • 
Home  Study  (2  hrs) 
Group/Lock  Step 

Instructional  Guidance  ' 

6se  discussion  method  as  much  as  possible  because  of  student  background. 


Column  /  Reference 
Iba,  li>b,  15c  ' 
15d 


STS  Reference 
BcUKa),  8c{2)(b) 
Milk).  M2iibi 


Instructional  Materials 

Brady,  Respiratory  jHerapy    "  . 

Grenard,  beck,  and  Rich,  Advanced  Studies  in  Respiratory  Thp^py 
Audio  Visual  Aids  , 

transparencies,  Prolonged  Artificial  Ventilation  Set 

Training,  Methods  > 
Lecture/Discussion  (4  hrs) 
Outside  Assignments  (2  hrs) 

Instructional  Environment/Design  ' 
Classroom  (4  hrs)  ^ 
Home  Study  (2  hrs) 
Group/Lock  Step  . 

Instructional  Guidance 

I^Sfw  ITnV^  ^  b?,S2me  difference*  of  opinion  about  whether  * 
a  patient  should  be  controlled  or  assisted  with  his  ventilation  The 
examples  given  in  the  lesson  are  guidelines  that  tan  be  followed.  The 
ultimate  decision  rests  with  the.  physician.  . 


cate       2  3  APR  m    *  o. 
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PLAN  OF  INSTRUCTION  (Continued) 


UNHS^Of  INSTRUCTION  AND  CRITERION  OBJfCTlvn 


16.    Respirator  Maintenance 

a.  Describe  the  preventive  maintenance 
of  Bird  respirators,  *■ 

b.  Describe  the  preventive.maintenance 
of  Bennett  respirators. 

c.  Giverra  tool  kit  satisfactorily 
disassemble,  calibrate,  and  reassemble 
respirator.  ^Correctly  perform  all  of  the  items 
on  checklist  3ALR916*30-III-16c.  Instructor 
assistance  permitted. 


OL  J*  AT  ION 
HOURS* 


ihart)eTated  Tra1n1nq  (ldent1f1ed  1n  co^se 
18.    Measurement  Test  and  Test  Critique 
a.    Measurement  Test 


b.    Test  Critique 


PLAN  OF  INSTRUCTIONfNO, 


3ALR91&30 


8 

(2) 

(2) 

(4) 


DATE. 


& 


SUJ  ROBJ  MATERIALS  AND  GUIDANCE 


Reference 


I 


Column  1 
TBa  

Instructional  Materials 
Bird  Training  Manual 
Bennett  Training  Manual 
Bird  Catalog 

Training  Equipment 
Bird  respirators  (5) 
Bennett  respirator  (10) 
Emerson  respirator  (10) 
Cerrterbody  cutaways  (2) 

Training  Methods 
Performaijce""(8  hrs) 

Instructional  Environment/Design  * 
Laboratory  (8  hrs}  '/ 
Group/Lock  Step 

Instructional  Guidancer 


SIS  Reference 
4a(2Ji  6d,  8c(7) 
4a(2K  6d,  8c (7) 
Mil,  6d  —  , 


Students  will  disassemble  and  reassemble  the  Mark  7  tn  order  to 

SJS^^Ci^  H?G  me<han1ca*  operation  of  the  respirator. 
Emphasize  that  inside  maintenance  should  be  done  by  qualified  medical 
;   equipment  repair  personnel.  '  meaicai 


BLOCK  NO. 
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UNITS  OF  INSTRUCTION  AND  CRITERION  OBJECTIVES 


9.   Course  Critique  and  Graduation  ' 
a.    Course  Critique 
b*  Graduation 


*n  of  instruction  nc.  3ALR91630 


PLAN  OF  INSTRUCTION  (Continued) 


duration 

_  (HOURS} 


SUPPORT  MATERIALS  AND  GUIDANCE 


"AGENO.  36 


Department  of  Medicine 

School  of  Health  Care ^Sciences,  USAF 

Sheppard  A1r  Force  Base,  Texas 


STUDY  GUIDE  3AlR9163G-I-3a(1 ) 
March  1975 


INTRODUCTION  TO  CARDIOVASCULAR  DISEASE 


OBJECTIVE  . 

Using  heart  models,  student  will  identify  areas  of  the  heart  where  abnormalities 
can  occur. 

INTRODUCTION 

An  understanding  of  heart  disease  will  aid  the  cardiovascular  pulmonary  technician 
1n  the  proper  diagnosis  and  treatment  of  problems  of  the  heart.  • 

INFORMATION 


1, 


Briefly  Introduce  the  subject  of  cardiac  disease, 

a.  The  cardiovascular  system 

(1)  Heart  ^ 

(2)  Blood  vessels 

(3)  Lymphatics 

b.  Importance  of  heart  disease 

(1)  -  The  leading  cause  of  death  1n  the  U.S.  -  about  40  percent  of  deaths. 

(2)  Due  primarily  to  Increasing  age  of  population. 

c.  Major  cardiac  disorders 

(1)  Coronary  heart  disease,  predominately  atherosclerotic 

(2)  Hypotensive  cardiovascular  "disease 

(3)  Rheumatic  heart  disease  * 

(4)  Congenital  heart  disease  , 

d.  Minor  cardiac  disorders 

(1)  Syphilitic  heart  disease 

(2)  Bacterial  endocarditis 

(3)  Myocarditis 

(4)  Degenerative,  endocrine,  metabolic,  electrolyte,  etc.  disorders 


Vhts  supersedes  SG  3ALR91630-I-3c,  August  1973 

Designed  For  ATC  Course  Use 
DO  NOT  USE  ON  THE  JOB 
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2.    Cardiac  failure  h 

a.  Cardiac  failure  is  a  clinical  state  irv  which  the  heart  is  unable  to  maintain  an 
adequate  circulation  for  bodily  needs. 

b.  Basic  factors  causing  or  contributing  to* heart  failure 

(1)  Weakened  heart  muscle 

(a)  Loss  of  heart  muscle 

(b)  Impairment  of  muscle  contractility 

(c)  Heart  muscle  unable  to  function  as  an  efficient  pump 

(d)  Results  from  myocardial  infarct  or  fibrosis,  coronary  artery  insuf- 
ficiency, inyocarditis,  metabolic  disorders,  etc. 

(2)  Mechanical  overload  which  1n  time  leads  to  myocardial  failure: 

'  (a)    Increased  resistance  to  ejection  of  blood  sucli  as  due  to  valvular 

stenosis  or  hypertension. 

(b)    Excessive  demand  for  increased  cardiac  oytput  due  to  valvular  in- 
sufficiency, or  arteriovenous  shunts,  or  Increased  tissue  r^eeds  (as  1n  thyrotoxicosis). 

(3)  Impaired  cardiac  filling  of  the  heart  chambers: 

(a)  Cardiac  tamponade  -  a  rapid  accumulation  of  fluid  or  blood  in  the 
pericardial  sac.  * 

(b)  Constrictive  pericarditis  -  chronic  scarring  of  the  pericardium  so 
that  the  heart  cannot  dilate  normally  to  receive  blood. 

(4)  A  combination  of  these  basic  factors  , 

c.  Acute  and  chronic  heart  failure 

(1)  Acute  failure  -  sudden  onset 

(a)  Caused  by  myocardial  injury  due  to  coronary  artery  occlusion  or  by 
cardiac  tamponade  due  to  hemopericardium  2°  rupture  of  heart. 

(b)  In  acute  failure  there. is  a  sudden  reduction  or  cessation  of  cardiac 

output. 

(2)  Chronic  heart  failure  -  slow  onset 

(a)  Most  common  in  association  with  arteriosclerotic  heart  disease,  hyper- 
tensive heart  disease*  and  valvular  abnormalities. 

(b)  It  can  occur  as  a  result  of  any  disease  that  weakens  the  heart  directly 
or  causes  an  Increased  demand  on  the  njyocardium. 

'  7 

d.  Cardiac  compensation  and  decompensation  - 
(1 )  Compensation 

(a)    This  is  present  when  the  cardiovascular  system  makes  sufficient  ad-'  - 
justments  to  maintain  adquate  output* 
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(b)   The  principle  compensatory  phenomena  are  s 
1_  tachycardia  -  increased  heart. 

2  cardiac  hypertrophy  -  increased  heart  mass. 

3  cardiac  dilatation  -  increased  heart  volume.  x 

(2)    Decompensation.   When  the  adjustment  just  referred  to\re  inadequate  then 
cardiac  decompensation  f^aid  to  exist. 

High  and  low  output  failure 

(1)  Low  output  failure  « 

(a)  In  most  cases  of  cardiac  failure  the  cardiac  output  is  reduced. 

(b)  Myocardial  infarct,  aortic  valvular  stenosis,  constrictive  pericarditis 
\  (2)   High  output  failure 

J  ,  (a)    In  some  cases  of  cardiac  failure,  however,  there  is  faiTures  due  to 

a  high  cardiac  output. 

(b)   Arteriovenous  fistulas,  thyrotoxicosis,  severe  anemias 
f.    Left  and  right  sided  heart  failure 

,(1)    Heart  failure  may  involve  the  entire  heart  or  predominantly  even  exclusively 
the  left  or  right  side.  > 

(2)  Left  heart  failure 

(a)  .  Major  clinical  manifestations  are  associated  with  pulmonary  edema 
and  congestion. 

(b)  In  severe  cases  pulmonary  hypertension  results  leading  to  right  hfeart 

failure. 

(3)  Right  heart  failure 

(a)  Often^assodated  with  left  heart  failur^but  does  occur  by  itself 

(b)  Major  clinical  manifestations  include 

1  subcutaneous  edema  of  dependent  portions  of  body,  e.g.  ankles, 

2  hydrothorax  -  pleural  effusion. 

3  ascites  -  fluid  in  abdominal  cavity. 
£  generalized  venous  congestion. 

5  cyanosis. 

6  increased  blood  volume  (usually). 

(4)  Congestive  heart  failure  -  the  clinical  ^syndrome  resulting  from  chronic 
(usually,  but  occasionally  acute)  heart  failure. 

3  .  L 


Department  of  Medicine  /  STUDY  6U IDE  3ALR91 630- I -3a ( 2 ) 

School  of  Health  Care  Sciences,  l/SAF  taVeh  1Q75 

Sheppard  Air  Force' Base,  Texas  76311  * 

RHEUMATIC  FEVER  AND  RHEUMATIC  HEART  DISEASE 
OBJECTIVES  '  „ 

•  List  the  parts  of  the  body  involved  irvrheumatlc  fever. 

•  Explain  the  pathophysiology  of  rheumatic Never. 

•  List  the Jreatments  of  rheumatic' fever  and  rheumatic  heart  disease. 
INTRODUCTION 

*  0 

Rheumatic  fever  is  a  systemic  (generalized)  disease  which  varies  greatly  in  severity 
and  duration,  therefore  a  knowledge  of  the  signs,  symptoms,  and  treatment  of  rheumatic 
fever  and  rheumatic  heart  disease  is  essential. 

INFORMATION  .  *^ . 

1.    Rheumatic  fever  and  chronic  rheumatic  heart  disease 
a.  General 

/  *(1)  Rheumatic  fever  is  a  systemic  (generalized)  disease  which  varies  greatly 
in  severity  and  duration.  y  wnjr 

(2)  Examples  of  parts  Of  the  body  involved: 

n  w  ial  Heart  ~  A  Pancard1tis  i.e.,  pericardium,  myocardium,  and  endocardium 
are  ai i  attected, 

(b)  Joints 

(c)  Skin  and  subcutaneous  tissues  -*~> 

(d)  Blood  vessels 

(e)  Central  nervous  system  ^ 

(f)  Lungs  and  pleura 

(3)  Jones  criteria 
(a)    Major  5 

]_     Carditis  -  heart 

2  Polyarthritis  -  joints 

3  Chorea  minor  -  CNS 
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4     Subcutaneous  nodules 
5.    Skin  disease  -  t 
(b)    Minor  & 
J_  Fever 
2  Arthralgia 

2     Prolonged  P-R  interval  on  EKG 

4     Abnormal  lab  studies,  such  as sed  rate,  K-  Reactive  protein, 

leukocytosis 

5_     Evidence  of  preceding  streptococcal,  infection. 

£     Previous  history  of  rheumatic  fever. 

(4)    Etiology  (causation)  %  ■ 

(a)    Abundant  evidence  that  beta  hemolytic  streptococci  belonging  to 
Group  A  are  responsible. 


The  first  attack  occurs  2  ft>  3  weeks  following  the  strep  infection, 
(c)    It  is  a  hypersensitivity  or  allergic  reaction  to  the  streptococci. 
4 (5)    Incidence  .  V 

(a)  Marked  d|crease  during  20th  century  even  prior  to  sulfa  and  penicillin. 

(b)  More  frequent  in  lower  socioeconomic^  groups. 

(c)  No  significant  sex  or  racial  predilection. 

(d)  Attack  rate  is  1-3  percent  of  strep  infections.  . 
(6)    Age  ^ 

(a)  Onset  most  frequent  in  childhood  from  4  to  15  years  especially  6  -  10. 

(b)  Does  occur- outside  of  these  age  limits  with  a  few  ev£n  to  adulthood. 

(c)  Chronic  forms  occur  through  adulthood. 

b.    Pathology  J3 

(1)  A  collagen  disease.    One  of  the  diseases  in  which  the  collagenous  connective 

tissues  throughout  the  body  are  affected.  ,  J 

*       *  -  *  # 

(2)  Aschoff  bodies  (nodules).    These  are  lesions  of  the"  connective  tissues  in 
the  heart  -  not  of  tne  heart  muscle.  .  - 

(31    Pancarditis  -  all  three  heart  layers  are  involved. 

(4)  Endocarditis 
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(a)    Inflammation  of  the  inner  layer  of  the  heart  Including  the  valves. 


.4 


(b)  There  are  small  qodular  lesions  of  the  valve?  where  they  close  on  one 
another.    These  are  called  verrucae  and  are  composed  of  degenerated  collagen  of  the 
valves  pliis  platelet  thrombi.  ^ 

(c)  There  are  many  more  vegetations  on  the  left  side  of  the  heart  where 
the  pressure  is  highest. 

(d)  Healing  of  the  valvulitis  occurs  by  fibrosis  -  scar  formation.  Bloo'i 
vessels  grow  into  the  scar  tissue  thickening 'the  valve  leaflets.    Also  calcification 
which  causes  the  valves  to  become  rigid. 

(e)  As  healing  occurs  adhesions  occur  between  the^lateral  edges  of  the 
valve  cusps.  '  4  H 

t 

(f)  Thickening,  shortening,  and  fusion  of  the  chordae  tendlneae. 

(g)  Final  result  is  valve  deformities.    The  Incidence  of  deformity  of  the 
valves  singly  and  in  combination. 

1  Mitral  .  4 

K 

2  Mitral  and  aortic 

2    Aortic  -  c 

£     Mitral,  aortic,  and  tricuspid  ^ 

5[    Mitral  and  tricuspid 

* 

£    Mitral,  aortic,  tricuspid  and  pulmonary 

I     It  is  very  rare  for  tricuspid  or  pulmonary  valvulitis  alone. 

(h)  The  most  characteristic  type  of  deformity  it  mitral  stenosis.  Mitral 
insufficiency  is  not  infrequently  combined  with  mitral  stenosis.    Valvular  Insufficiency 
results  from  contraction  of  the  scarred  and  deformed  valves. 

(5)  Myocarditis 

(a)  Aschoff  bodies  .  '  .  • 

\ 

(b)  Various  types  of  inflammatory  cells 

(c)  Foci  of  necrosis 

^  *  (d)    Any  of  tyjese  three  types  of  lesions  may  affect  the  conduction  system 

and  be  responsible  for  various  EKG  changes. 

(e)   The  inflammation  gradually  subsides* and  the  myocardium  may  be  left 
with  multiple  small  scars  replacing  the  Aschoff  bodies  and  small  necrotic  foci. 

(6)  Pericarditis 

(a)    The  pericardium  is  almost  invariably  affected  in  rheumatic  fever. 
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-  ,  ^  The  les1'°"  ^  a  fibrinous  exudate  -  -an  outpouring  of  plasma  h1ah  1n 
pe^a^rdf^^fac^:^5615  °f  the  per1cardium-    Th*  "brlnAn  thin  clots  2  tie 


adhesions . 


(c)  A  serous  exudate  may  be  present  with  or  without  the  fibrils  exudate. 

(d)  -  If  much  fluid  is  present  Recovery  may  "occur  without  pericardial  fibrous 


tinn  «f  m.     (e]  4.Fr?qu!nt!y*^ however-  especially  when  the  .fibrin  is  abundant*  organlza- 
tTJi   th?  ei-dat!  t0^ibr°"s.  thickening  of  the  pericardial  layers  and  pSSJSal' 

ShSiv°:SpeJ?2ar3lt?sDb   t6rat10n  °f       per1card1al  This  1s\nown  as^nrSnS 

(7)  Recurrent  rheumatic  carditis 

-  %     ^    0nce  ^eumatlc) fever  has  occurred  1n  a  patient,  there  1s  a  likelihood 

of  a  recurrence  of  the  disease  Juh  subsequent  streptococcal  Infections.  .l1kel1hood 

Hama««  *  \u  (b\  Wlth  the  recurrence  or  exacerbation  of  the  disease  there  1s  further 
damage^  the  valves  and  other  parts  of  the  heart  leading  to  chronic  ^JlcSSrt 

r  ACK  This  1s  the  reas°n  for  taking  sulfa  or  penicillin  DroohvlarH'ran  v 

juts  sssfWKisr- "  preJts 

(8)  Causes  of  death  in  rheumatic  beart  disease  ' 
•    (a)    Cardiac  failure  , 

Most  frequent  cause  of  death.  ^ 

2  Occurs  during  active  rheumatic  fever  -  1n  children. 

3  Occurs  in^lts  usually  due  to  the  valvular  deformities. 

(b)  Bacterial  endocarditis 

1  Bacterial  infection  of  a  valve  damaged  by  the  disease. 

2  Usually  in  young  to  middle  aged  adults. 

3  Usually  subacute  in  type. 

(c)  Embolism  ^ 
1     Emboli  to  the  brain  are  most  .frequent,  followed  by  kidneys,  spleen, 


I 


^and  lungs, 
endocarditis- 


Usually  bland  emboli,  but  some  are  septic  from  bacterial 


ic  ,,„„cf  »i  •-  Mos*  embo11'  or19inate  In  the  left  artlum  or  its  appendaoe  This 
is  almost  always  in  association  with  mitral  stenosis  and  atrial  fibrillation 

n,t„  ,  '       '    .  ,it  Sudden  death  may  occur  as  a  result  of  obstruction  of  a  stenotic 


\ 
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PURPOSE  OP  STUDY  GUIDES,  WORKBOOKS,  PROGRAMMED  TEXTS  AMD  HANDOUTS- 


Study  Gulden,  Workbooks,  Programed  Texts  and  Handouts  are  training 
publications  authorized  by  Air  Training  Command  (ATC)  lor  student  use  in 
ATC  courses. 

<?  .  . 

The  STUDY  GUIDE  (SG)  presents  the  inf ttmation  you  need  to  complete 

L,?"   ,      inf£ructlon'  or  "*kM  •••i8W»»ts  for  you  to  read  in  other 
publications  which  contain  the  required  information. 

The  WORKBOOK  (WB)  contains  work  procedures  designed  to  help  you 
achieve  the  learning  objectives  of  the  unit  of  instruction.  Knowledge 
acquired  from  using  the  study  guide  will  help  you  perform,  the  missions 

"  u?"  ,  •°lya  the  Probl«™»  or  answer  questions  presented  in  the 

workbook.  • 

The  STUDY  GUIDE  AND  WORKBOOK  (SW)  contains  both  SG  and  WB  material 
under  one  cover.    The  two  training  publications  are  combined  when  the  WB 
is  not  designed  for  you  to  write  in,  or  when  both  SG  and  WBcare  issued 
for  you  to  keep.  .  '  \  / 


The  PROGRAMMED  TEXT  (PI)  presents  information  in^nned  steps  with 
provisions  for  you  to  actively  respond  to  each  step.    YouiJe  given 
immediate  knowledge  of  the  correctness  of  each  response.    PTs  may  either 
replace  or  augment  SGs  and  WBs.  ^ 


<™  BAH?Cm  <Hp>  contains  suwOementaryi  training  materials  in  the 

for.  of  flow  charts,  block  diagramsTp^outsJ  case  problems,  tables, 
forms,  charts,  and  similar  materials.       "V^»  '  ». 

<* 

Training  publications  are  designed  for  ATC  course  use  only.  They 
are  updated  as  necessary  for  training  purposes,  but  are  HOT  to  be  used 
on  the  job  as  authoritative  references  in  preference  to  Regulations, 
Manuals  or  other  official  publications.  ' 
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Department  of  Medicine  *      SG  3ALR91630-J-3ft(lJ 

School  of  Health,  Care  Sciences,  USAF  (ATC)-  August  1973 

Sheppard  Air  Force  Base,  Texas 

ARTERIOSCLEROSIS  AND  ARTERIOSCLEROTIC  HEART  DISEASE 
The  types  of  the  blood  vessels  and  their  anatomy. 

* 

a.  Arterial  -  carry  Mood  away  from  the  heart. 

\ 

b.  Venous  t  carry  blood  to  the  heart. 

•  '  '*. 

*  c.     Capillaries  -  small  vessels  between  arteries  and  veins.  ^ 

d.    Arterial  blood  vessels  „ 

< 

(1)   Vary  In.  size.  ,  - 

(a)  Large  artery 

(b)  Medium  artery      "  / 

(c)  Small  artery 

(d)  Arterioles  '  ^ 
(2°)   Layers  , 

(a)   Tunica  tntima  * 
j_.  -  Innermost  layer  / 

2.  About  l/6th  thickness  of  wall 

3.  Endothelial  layer  of  cells  adjacent  to  the  blood 
(t)   Tunica  media 

1_.   Middle  layer 

2.  About  1/2  thickness  of  wall 

3.  Smooth  muscle  .  , 

4.  Elastic  tissue 
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(c)  Tunica  adventitia - 

,  \ 

'  J_.    Outermost  layer  s> 

2.    About  1/3  thickness  of  wall 

1.  'Fibrous  connective -tissue  containing  small  blood 
vessels. 

e.    Venous  blood  vessels 

(1)  Vary  in  size  - 
(a)    Large  vein 

(bj   Medium  vein 
(<c)    Small  vein  / 

(d)  Venules 

(2)  Layers  -  same  as  arterial  vessels 

f.     Capillaries^         -  *► 

(1)  Microscopic  size 

(2)  Only  an  endothelial  layer  pf  cells.    No  media  or  adventitial 


I ayers . ^. 

Classify  arteriosclerosis  and  describe  the  types. 

a.     Atherosclerosis  . 

(1)    Most  common  and  important  disease  of  arteries.  ' 

.(2)    Affects  large  and ^medium  size  arteries  leaving  small 
.   arteries  relatively"  unaffected. 

(3)  Disease  begins  in  the  intima  and  media  with  accumulation 
of  lipids  including  cholesterol.  ^ 

(4)  Thejse  lipids  cause  various  degenerative  changes-  in*  the  wall 
of  the  arteries.  «  • 

^      (a)  Necrosis  -  death  of  cells  in  the  intima  and  media, 

(b)  Fibrosis  -  scar  formation, 

(o)  Calcific  deposits 

(d)  Hemorrhage  j nto  the  wall  of  the  vessel. 
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,{e)   Dlcei^ion  -  loss  of  the  surface. 

Thrombosis  on  top  of  the  ulcers  or  damaged  intima. 
($)   As  a  result  narrowing  leading  to  occlusion  of  the  artery. 

(6)  Destruction  of  the  intima  and  media  by  atherosclerosis  may 
weaken  the  wall  to  the  extent  that  an  aneurysm  may  develop. 

t 

(7)  ^;Et1ology  and  factors  involved:  .  '.' 

(a)  The  final  answers  are  not  yet  kno'wn.  -  : 
''■                                                         S'          -  i 

(b)  Increases  with  age.  .    .  , 
•    •«  I 

(c)  .Related  to  Increased  lipid  levels  in  the  blood  -  both 

cholesterol  and  triglycerides. 

(d)  Familial  hyperllpidemias^f  5  separate  types  - 
genetically  Inherited  Abnormal ities-of .  lipid  metabolism. 
In  4/5  accelerated  atherosclerojrTsT 

.(e^  Diabetes  melli6tas  -  increased  atherosclerotic  disease. 

(f)  Sex  related  -  females  less  atherosclerosis  before 
menopause  thai*  males.   After  menopause  about  the  same^ 

(g)  Jiigh  blood  pressure  -* hypertension  -  accelerates  tae 
atherosclerotic  process.  < 

(a)    Important  blood  vessels  affected  by  atherosclerosis  -  a 
examples:  * 

(a)  Cerebral .arteries  -  ' 
i         1_.    Senility  - 

2.  Stroke 

'  •      ~    «  ■■  \  ■    m-       -    -  ( 

(b)  flenal  arteries 

1.  Decreased  renal  function  ,         y   v  ■ 

2.  Infarcts'  -  death  of  tissue  due  to  vascular Insuf- 
•«  ficiency. 

(c)  Limbs  -  particularly  lower. 
K   fiangrene  of  toes 

2.    Cold,  painful  legs 


.(d)    Coronary  arteries  J 
Y.  Coronary 

2.  Arrhythmias 

3.  ftyocardial  infarct 
b.     Monckeberg's  medial  sclerosis 

(1)  Less  common  and  much  less  important  than  atherosclerosis. 

(2)  Found  from  middle  age  on. 

(3)  Deposits  of  calcium  are  found  in  the  media  of  medium  and  • 
large  arteries.    The«,intima  is  unaffected. 

(4)  The  affected  blood  vessels  can  be  recognized  by  palpation 
to  be  hardened  (pipestem  rigidity)  and  beaded. 

(5)  The  vessels  also  elongate  thus  taking  on  a  tortous  course. 

(6)  The  hardening  of  these  arteries  may  cause  systolic  hyper- 
tension. . 

c     Arteriolar  sclerosis  (arteriolosclerosis) 

(1)  A  widespread  process  affecting  the  arterioles. 

(2)  The  arterioles  are  thickened  by  endothelial  hyperplasia 
and  intimal  hypertrophy-. 

(3)  Associated  with  hypertension,  especially  in  the  renal 
vessels. 

(4)  Associated  with  aging,  vessels  other  than  in  the  kidney. 
Discuss  coronary  artery  atherosclerosis  and  its  complications.. 

a.  Etiology  -  already  listed  many  factors  involved  in  atherosclerosis. 

b.  Complications  in  the  arteries. 

(1)  Decrease  in  size  of  lumen  of  artery  due  to  increased  lipid 
scar,  calcific  deposits  (atherosclerotic  changes)  in 

wall  of  artery. 

(2)  Hemorrhage  into  an  atherosclerotic  plaque  (lesion)  can  cause 
sudden  narrowing   of  a. coronary  artery. 
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(3)  Thrombus  formation  1s  a  common  complication  of  athero- 
sclerosis leading  to  partial  or  complete  coronary  artery 

occlusion.  ' 

(4)  Embolism  -  rupture  of  an  atheromatous  plaque. 

(5)  Site  of  coronary  artery  occlusion.    In  a  study  of  1495 
cases  the  distribution  showed  that  the  left  coronary 
artery  was  most  frequently  involved  particularly  the  left 
anterior  descending  branch.  ,  ■ 

Left  main  artery  71. 
Lsft  anterior  descending  branch  834. 
Left  circumflex  branch  211. 
Right  coronary  artery  379. 

c.     Complications  1n  the  heart  muscle  \ 

(1)   Myocardial  infarct 

(a)  Acute  stages 

1.  Death  of  heart  muscle. 

2.  Inflammatory  cells  (neutrophils  and  macrophages) 
begin  to  enter  the  tissue  at  the  end  of  the  1st 
day. 

3_.    Removal  of  dead  tissue  by  the  cells  begins  at  3 
or  4  days  and  persists  until  complete. 

4.    Fibrous  repair  begins  at  about  12-14  days  ano 
continues  to  completion  by  4-6  weeks. 

(b)  Late  stages 

1.  The  left  ventricular  wall  will  be  somewhat 

?!?ned  ?s  there  1s  less  fibrous  scar  remaining 
with  healing  than  there  was  muscle  originally. 

2.  If  the  area  of  scar  is  large  in  the  left  ventricle 
it  may  bulge  and  stretch  due  to  the  high  pressure 
1n  the  ventricle.    With  time  a  saclike  bulge  forms 
a  ventricular  aneurysm. 

3.  Ten  %  or  more  of  healed  myocardial  infarcts  nay 
give  rise  to  ventricular  aneurysm.    These  patients 
usually  have  congestive  heart  failure. 
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Paradoxical  movement  of  the  heart  may  occur  with 
the  aneurysm  -  the  sac  bulging  outwaru  on  systole, 

5.    Thrombi  (mural)  are  frequent  in  the  left  ventri- 
cular lumen  attached  to  the  endocardium  in  the 
area  of  the  aneurysm.    These  may  from  time  to 
time  break  loose  and  be  ejected  from  the  heart. 
These  thromboembol i  may  lodge  in  any  of  a  number 
of  arteries  or  arterioles. 

(c)  Types  of  myocardial  infarct, 

1.  Full-thickness  (transmural).    The  entire  thick- 
ness of  the  myocardium  is  involved.    Also  the 
pericardium  may  be  involved  causing  pericarditis. 
The  endocardium  it  also  involved.    This  is  the 
type  which  usually  leads  to  ventricular  aneurysm. 
Also  the  type  which  may  lead  to  rupture  of  the 
heart  (1-3  weeks).    This  occurs  in  8-1555  of  acute 
Mi's. 

2.  Nqn  transmural  -  These  are  often  large  but  do 
not  involve  the  entire  thickness  of  the  muscle, 

3.  Laminar  -  This  type  involves  less  than  1/2  of 
the  thickness  of  the  wall.    Usually  it  is  the 
inner  1/2,  the  subendocardial  portion.  These 
infarcts  involve,  then,  the  endocardium  and 
subendocardial  muscle,  , 

(d)  Location  of  myocardial  infarcts 

1_.    Almost  all  infarcts  occur  in  the  left  ventricle 
and  septum. 

2.    Most  frequent  site  is  the  anterior  region  of  left 
ventricle  near  the  apex,  usually  including  the 
anterior  2/3rd  of  the  IV  septum  because  of  disease 
of  the  anterior  descending  branch  of  the  left  coro- 
nary artery. 

3_.    Second  most  common  site  is  the  posterior  left 
ventricle  along  with  the  posterior  l/3ra  of  the 
IV  septum  related. 

4.  Less  commonly  infarcts  confined  to  the  lateral 
left  ventricular  wall  occur.    These  are  due  to 
disease  of  the  left  circumflex  branch  of  the 
left  coronary  artery. 

Angina  pectoris 

(a)   Not  the  appropriate  place  to  discuss  clinical  features. 
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(b)   Results  from  inadequate  oxygenation  of  heart  muscle 
usually  resulting  from 

1.    Significant  atherosclerosis  of  the  coronary  vessels 

2f.    Associated  reduction  in  blood  supply  to  the  heart 
(e.g.,  following  heavy  meal)  or  increase  in  On 
requirement  by  the  heart  (e.g.  exercise). 

(3)   Sudden  death. 

(a)  This  may  occur  during  the  course  of  a  myocardial 
infarct. 

(b)  May  occur  in  a  person  who  has  experienced  anginal 
attacks  without  a  myocardial  infarct. 

*•        •  f 

(c)  May  occur  without  either  (a)  or  (b). 

1-    Some  patients  die  with  severe  atherosclerosis 
or  coronary  arteries  with  or  without  an  occlusion 
by  fhrombus,  hemorrhage,  etc. 

Z.    Thes|e  patients  usually  die  of  an  arrhythmia  - 
therhninating  as  ventricular  fibrillation. 

3_.   Although  there  may  be  an  arterial  occlusion 
the  patient  died  before  the  myocardial  infarct 
haA  time  to  develop. 


had 

(4)    Myocardial  f i 


brosis 


(a)  Some  patients  who  never  had  an  obvious  myocardial 
infarct  either  clinically  or  pathologically  are 

found  to  have  patchy  foci  of  fibrosis  of  the  myocardium. 

(b)  Some  of  the  patients  had  anginal  attacks. 

(c)  These  patfchy  foci  of  fibrosis  represent  small  foci 
of  myocardial  necrosis  with  subsequent  fibrosis  due 
to  chronid  progressive  myocardial  ischemia. 

ASHD  -  arteriosclerotic  heart  disease  -  or  atherosclerotic 
coronary  heart  disease. 

This  term  is  used  for\\heart  disease  resulting  from  coronary 
atherosclerosis  which  (includes  such  features  as  angina  pectoris, 
myocardial  infarct,  myocardial  fibrosis,  congestive  heart  failure, 
etc.  1  ' 
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.         -  ^  SG  3ALR91630-I-3a(4/ 

Department  of  Medicine  March  1975 

School  of  Health  Care  Sciences,  USAF 
Sheppard  A1r  Force  Base,  Texas 

FORMS  OF  HEART  DISEASE. (MISCELLANEOUS) 

OBJECTIVE  * 
Using  heart  models,  identify  areas  of  heart  where  diseases  occur. 

INTRODUCTION 

An  understanding  of  Forms  of  Heart  Disease  is  essential  ir J  tje  diagnosis  and  treat- 
ment of  a  patient.    This  complex  pump  has  many  areas  in  which  problems  can  arise,  ana 
CP  techs,  we  must  be  able  to  diagnose  and  treat  these  problems. 

I 

INFORMATION 

The  student  will  Identify  and  categorize  Forms  of  Heart  Disease'. 
1.     Congenital  Heart  DlseSse  , 

a     There  is  a  wide  spectrum  of  anatomic  malformations.   We  have  already  mentioned 
sever  ai  a^one'ove^fhe'physiology  of  congenital  aortic  stenosis  anc ipu  n»n  c  tenosls. 

diagnostic  procedures. 

b.    There  are  two  fairly  frequent  forms  of  congenital  heart  disease  which  you  are 
apt  to  see,  especially  in  the  younger  adults. 

^1)   Atrial  septal  defect 

fal   Althouqh  the  physiology  of  any  type  of  ASD  is  the  same,  there  are 

5^c5nilriyireSactirdIcreased  by  the  same  amount  that  venous  return  is  increased  by 
SI  ion!8  HSSCTSS ^eJtricular  volume  }»  <^  «  «^  a"d  ?2  iS 
delayed  but  does  not  have  respiratory  variation  -  fixed  split  of  52. 


this  supersedes  SG  3ALR91630-I-31 ,  July  1973 
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(b)   The  murmur  of  ASD  has  nothing  to  do  with  the  defect  in  the  atrial  septum 
because,  as  we  have  said,  left  to  right  shunting  occurs  in  diastole  and  the  murmur  of  ASd 
is  systolic  and  is  recovered  in  the  pulmonic  trunk.    Its  genesis  is  that  of  "relative" 
obstruction  to  right  ventricular  emptying  due  to  the  greatly  increased  right  ventricula-  ~ 
volunfes.    The  clinical  signs  of  ASD  therefore  include: 

1  Fixed  splitting  of 

2  A  mid-systolic  murmur  across  the  pulmonic  valve. 

WftlllfM     r  J.  Increased  force  of  right  ventricular  contraction; due  to  the  increased 

volume.    Consequently,  you  easily  feel  a  right  ventricular  impulse  at  the  lower  left 
sternal  border. 

^  <      i    ui        - Also,  because  of  increased  flow,  the  pulmonary  trunk  dilates  and  it* 
too  1s  palpable,  in  the  2nd  left  intercostal  space, 

, .  (c)    x-ray  would  be  expected  to  show  an  enlarged  pulmonary  arterial  seqment 

with  increased  pulmonary  arterial  markings  (shunt  vascularity).   The  right  heart  may  be 
enlarged  with  crowding  of  the  retrosternal  space  on  lateral  film. 

(d)    EKG  may  help  to  localize  the  defect  but  that  will  be  discussed  when 
we  cover  EKGs  next  semester. 

(2)    Ventricular  septal  defect. 

«cn     tu     *    ^  ,The  Physiol°g1cal  consequences  of  this  lesion  are  quite  different  from 
AM).    The  circulation  is  traced  in  the  following  statements.    During  systole  blood  is 
ejected  into  the  pulmonary  artery  and  returns  to  the  left  atrium  via  the  pulmonary  veins. 
During  diastole,  the  left  ventricle  fills,  but  now.  during  the  next  systole,  blood  has 
two  avenues  of  egress  from  the  LV  -  out  the  aorta  or  through  the  VSD  into  the  right 
ventricle.    Since  the  pressure  in  the  left, ventricle  is  higher  than  the  right,  blood 
shunts  across  the  septum  (only  during  systole)  into  the  right  ventricle. 

.■/  (•>)   Again,  we  have  a  short  circuit,  but  now  1t  involves  the  LA,  LV,  RV, 

and  PA  but  not  the  RA.    In  each  of  these  chambers  we  have  volume  overload  and  may  have 
resultant  hypertrophy.    In  addition,  the  PA  now  has  both  a  pressure  and  volume  overload, 
and  pulmonary  vascular  changes  resultant  much  more  frequently  with  VSD  than  with  ASD. 
Because  the  atrial  septum  is  intact,  there  is  no  compensatory  mechanism  for  handling 
Increased  venous  return/*ith  inspiration  and  P2  moves  normally.   The  A]in>'cal  siqns  of 
VSD  therefore  include:  7  • 

1  A  holosystolic  muftmir  at  the  lower  left  sternal  border  -  with  normal 
pulmonary  artery  pressures.   As  PA  pressure  increases,  the  murmur  shortens  and  may  become 
early  systoic  with  fixed  pulmonary  hypertension.    The  murmur  is  generated  across  the 
defect  itself. 

2  Normal  respiratory  vjtrtation  of  S£. 

,  .    ,  1  Increased  RV  impPlse  and  increased  LV  impulse  -  sustained  left 

ventricular  hypertrophy.  o  „ 

0 

4   Pulmonary  trunk  may  be  pa1pab1e;  due  to  dilatation  with  increased  flow. 

i  May  have  clinical  signs  of  pulmonary  hypertension  and  if  RV  pressure 
is  greater  than  LV,  flow  may  be  reversed  (right  to  left)  with  resultant  cyanosis. 
(Eisenmenger  reation) 
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(c)    X-ray  #ould  again  show  shunt  vascularity  and  increased  right  heart  but, 
in  addition  may  show  left' atrial  and  left  ventricular  dilatation.  •  v 

(<l)    EK6  may^Ww  biventricular  hypertrophy  plus  left  atrial  hypertrophy*. 

j  .  '  '  ^ 

(e)   Many > small  *ySD&  close  spontaneously  as  the  ventricular  septum  grows. 
Therefore,  we  follow  children  with  VSOs  for  many  years  (8-12  years  of  age)  before  sub- 
jecting them  to  operative' closure*  •  Evidence  of  progressive  pulmonary  hypertension  would 
lead  to  much  earlier  operation.  x 

Summary 

VSD  Imposes  volume  and  pressure  overload  to  the  PA  while  only  a  volume  overload  to  the 
LA  and  LV. 

Holosystolic  murmur  or  early  systolic  depending  on  PA  pressures. 
Hyperdynamic  RV  plus  LVH,  normal  splitting  of  S2. 

Pulmonary  hypertension  leads  to  RVH  and  reversed  shunting  -  clinical  cyanosis. 
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the  pericardial  disease,  the  anatony  of  the  normal 
lowing  statements.   Basically,  iticonsists  of'two  thin 
rr|oundirtg  the  eplcardium  -  the  visceral  pericardium,  and 
and  base  of  both  gVeat  vessels  -  the  parietal  pericardium, 
cardium  there  1$  a  potential  space  which  is  lubricated  by 
ored  pericardial  fluid.    In  reviewing  disease  conditions 
categories  should  be  covered: 

Inflammatory  diseases  olf  the  pericardium  covers  the  gamut  of  infectious  and  auto 
inmune  disease?   Their  clinical 


2.  Pericardial  Disease  -  befor|e 
pericardium  is  reviewed  in  the 
membranes  -  one  immediately  su 
on£  surrounding  the  entire  heart 
Between  these  two  layers  of  peri 
approximately  5  cc.  of  straw  col 
of  the  pericardium  several  broad 


cardium  afthqigh  it  may  be  very 
laboratory.    Several  features  of 
and  suggest  the  diagnosis  which 
studies.   The  patient  -Is  general 


(1)    It  is  a  sharp, 
generally  is  localized,  without 
made  worse  by  lying  down  and 
*is  viral  in  origin,  the  patient 
origin.   On  auscultation,  there 
rub  but  not  having  respiratory 
which  are  Inflamed,  rubbing  tog^ 
any  of  the  three  components  may 


'  (2)    Benign  viral  peiri^arditi 
bacterial,  fungal ,  tuberculosis 
"immediate  physiologic  sequelae 
systemic  illness  such  as  lupus 
lying  disease  process. 


expressions  are  quite  similar  with  respect  to  the  perl- 
difficult  to  determine  the  exact  etiologjc  agent  in  the 
the  clinical  syndromew  pericarditis  are  quite  specific 
can  then  be  confirmed  by  some  of  the  special  diagnostic 
ly  brought  to  your  attention  bfecause  of  chest,*pain.  »* 

stabbing  pain  substemally  or  over  the  left  precordium.  ff 
radiation.    It  1s  constant  but  very  characteristically  1s 
sorjiewhat  relieved  by  sitting  up  and  leaning  forward.    If  it 
may  have  had  the  prodromata  or  a  recent  URI  of  viral 
is  a  friction  rub  sounding  similar  to  a  pleural  friction 
Variation.   This  1s  caused  by  the  two  pericardial  membrenes 
ther.   The  rub  may  be  sjjgtolic,  diastolic  and/or  presystolic 
Be  present  or  all  three  may  be  heard  simultaneously. 


s  is  the  most  common  etiology  but  others  such  as 
or  metastatic  must  be  considered.   There  are  usually  ho 
the  pericarditis  at$  some  types,  associated  with  a 
clrythematosis  or  uremia,  carry  the  prognosis  of  the  under- 


go 


b.  Constrictive  pericardii 
not  be  calcific.  Tuberculosis, 
as  the  years  progress  and  heal  in' 
impose  a  great  burden  on  the  hei 
normal  dlstenslbility  of  the  can 
to  external  compression  of  the  hi 
prominent  during  diastole  when  tl 
clinical  signs  therefore  include: 


s  is  a  late  complication  of  pericarditis  and  may  or  may 
s  the  prototype  of  constrictive  pericarditis,  calcifies 
takes  place.   Tight  constriction  of  the  pericardium  may 
dynamics  of  circulation  because  it  does  not  allow  the. 
iac  chambers  and  intracardiac  pressures  rise  secondary 
art  by  the  constricting  pericardium.   This  is  especially 
e  ventricles  normally  distend  with  venous  return.  The 
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(1)  Marked  Increased  systemic  venous  pressures  with  hepatic  engorgement,  ascUis 
and  pedal  edema.  * 

(2)  Pulsus  paradoxicus  -  fall  1n  arterial  systolic  pressure  with  Inspiration 
greater  than  10  mm  Hg. 

(3)  KussmauTs  sign  -  inspiratory  Increase  of  the  J\fP  and  cervical  veins. 

(4)  X-ray  may  be  helpful  in  demonstrating  calcium  in  the  pericardium. 

c.  Pericardial  effusion. may  have  very  few  clinical  signs,  especially  if  it  has  beer 
gradual  in  accumulation  and  has  not  caused  hemodynamic 'changes  by  restriction  of  ventricular 
diastolic  filling.   The  physical  signs  of  pericardial  effusion  are:  *« 

0)  "^Quiet  prefeordium  with  distant  heart  sounds. 

(2)    Marked  Increase  1n  cardiac  sullness,  with  dullness  to  the  right  of  the 
sternum  (Rotch's  sign) 

Multiple  etiologies  are  also  Important  to  recognize  when  evaluating  pericardial  effusions 
but  the  most  frequent  ones  are  tuberculous,  viral,  neoplastic,  uremic,  or  collagen 
vascular  in  origin;    X^ray  is  quite  helpful  because  the  heart  shadow  (all  water  density) 
1s  very  enlarged  and  globular*.    It  is  often  symmetrically  enlarged  and  water  flask  1n 
shape.   Treatment,  includes  therapy  of  the  underlying  process  and  pericardial  aspiration 
(pericardiocentesis)  if  hemodynamic  changes  occur  or  for  diagnostic  studies.         *  * 

d.  Cardi ac  tamponade " 1 s  an  acute  medical  emergency  and  combines  the  features  of 
t constrictive  pericarditis  and  .pericardial  effusion*   The  etiology  is  that  of  sudden  flu.d 
•accumulation  1n  the  pericardial  space  with  constriction  and  compression  of  the  heart 
chamberS^r  especially  the  ventricles.   This  results  commonly  from  trauma  -  knife  wounds* 
bullet  wound*,  ruptured  aorta  -  with  bleeding  Into  the  pericardium.    It  1s  also  one  of 
the  mechanlsms^of^sudden  death  1n  inyocardial  Infarction  secondary  to  ventricular  rupture. 

(1)    Clinical  signs  are  varied  and  the  conditions  surrounding  the  sudden  vascular' 
collapse  tip  you  off  to  the  possibility  of  tamponade: 

(a)   Clinical  setting  Important  -  trauma,  aortic  dissection,  several  days 
post  M.I.  -  especially  if  patient  1s  1n  sinus  rhythm. 

Jb)    Cervical  vein  signs  may  be  absent.   Too  sudden  an  appearance  for 
systemic  venous  congestion.  ^  • 

(c)  Quiet  precordium  with  distant  h^art  sounds. - 

(d)  Marked  fall  in  arterial  B.P.  and  quite  possibly  shock. . 

iZ)   The  therapy  is  two-fold,  aspirate  the  pericardium  and  stop  the  bleeding. 
By  leaving  a  tube  in  the  pericardium  blood  cannot  accumulate  and  although  bleeding  persists, 
pericardial"  tamponade  Is  prevented.  *  , 

3.     Myocardial  Disease.    Prtmaty  myocardial  disease  or  myocardlopathy  1s  a  nonspecific 
term  used  to  generate  the  concept  that  the  main  problem  1s  one  of  mycardial  dysfunction  ' 
becasue  of  intrinsic  disease  of  heart  muscle  itself.    It  1s  unlike  valvular  heart 
disease  where  pressure  and/or  volume  changes  Impose  a  burden  on  the  myocardium  because 
it  is  called  upon  to  function  at  a  higher  level  than  it  can  sustain  without  failing.  It 
1s  also  distinct  from  coronary  artery  disease  "In  which  the  basic  problem  is  poor  perfusion 
of  the  myocardium  because  of  a  disease  process  which  1s  extramural  irt  nature.  Primary 
myocardial  disease  is  a  diffuse  disease  Involving  all  four  chambers  of  the  heart  in  such 
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a  manner  that  the  d1stens1b1l 1ty  characteristics  of  the  chambers  are  altered.   There  are 
three  broad  categories  Jthe  myocardial  disease  falls  into  obstructive,  congestive,  and 
infiltrative.  , 

a.  Obstructive  cardiomyopathy  is  Included  in  the  classification  of  primary  myocardial 
disease  because  the  ventricular  nyocardlal  hypertrophy  is  the  initiating  change  responsible 
for  hemodynamic  alterations.   As  previously  discussed,  IHSS  is  disproportionate  septal 
hypertrophy  causing  obstruction  to  left  ventricular  emptying.    Therefore,  it  imposes  a 
pressure  load  on  the  left  ventricle  and  all  of  the  physiologic  correlates  that  implies. 
Because  of  marked  septal  hypertrophy,  the  right  ventricular  outflow  tract  may  also  become 
obstructec^imposing  a  pressure  gradient  on  the  right  ventricle,  with  all  its  physiologic 
correlates  (Burnheim  syndrome).  x 

b.  Congestive  cardiomyopathy  implies  thatvbecause  of  the  basic  di^ase. process 
involving  the  myocardium,  the  ventricular  muscle  has  become  nondistensible,  compensation 
via  the  Starling  mechanism  has  been  exceeded -and  failure  has  ensued  -  usually  blventriculc r 
failure. 

(1)  The  physiology  is  that  of  combined  ventricular  failure  with  both  pulmonary 
venous  and  systemic  venous  congestion.    Because  of  biventricular  failure,  there  then  is 
a  tendera/to  peripheral  venous  stasis  and  venous  disease  with  consequent  deep  vein 

t    thrombosis  and  pulmonary  emboli.    Because  the  underlying  process  involves  all  chambers, 
(    including  the  atria,  patients  are  prone  to  atrial  arrhythmias,  especially  atrial  frbidlla- 
^tion.    With  the  loss  of  mechanical  atrial  contraction,  stasis  can  develop  with  consequent 

atrial  thrombi-.    Right  atrial  thrombus  can  lead  to  pulmonary  emboli,  while  left  atrial] 
,  thrombus  can  lead  to  systemic  emboli. 

(2)  Clinical  findings  in  patients  with  primary  myocardial  disease  of  the  con- 
gestive variety  are  those  seen  with  any  etiology,  of  biventricular  failure.   The  diagnosis 
is  suggested  in  a  patient  with  biventricular  failure  who  does  not  have  valvular  heart 
disease  or  coronary  artery  disease.    Sometimes  tWs  is  not  an  easy  distinction,  especially^ 
seeing  the  patient  for  the  first  time,  because  the  murmurs  of  mitral  regurgitation  and/or 
tricuspid  regurgitation  may  be  present  due  to  ventricular  dilatation.   One  of  the  more 
difficult  differential  diagnoses  to  make  1lU:hat  between  PMD  and  coronary  artery  disease 
without  clinical  angina.  \ 

\        (3)    The  etiology  of  congestive  nyocardlopa thy  or  primary  myocardial  disease 
is  often  quite  difficult,  if  not  impossible,  to  ascertain.    There  are  many  specific 
causes  of  PMD  and  it  is  most  important  to  try  and  search  out  the  inciting  process  so 
that  specific  therapy  can  be  instituted.  * 

(4)   The  general  therapy  of  congestive  PMD  includes  rest  and  the  usual  treatments 
of  salt  restriction,  digitalis,  and  diuretics  for  CHF.    If  arrythmia  is  present,  it  should 
be  treated  and  ant1coagulants*used  for  pulmonary  or  systemic  emboli.    Sometimes  the  anti- 
inflanmatory  effects  of  sterlods  are  very  helpful  if  there  is  an  active,  noninfectious, 
myocarditis. 

c.  Infiltrative  myocardiopathy  causes  physiologic  impairment  by  replacing  myocardial 
cells  with  foreign  substance.   The  common  mechanism  for  all  of  thesre  disease-causing 
problems  revolves  around  the  marked  loss  of  normal  distensiblHty  of  the  cardiac  ch^mbeys. 
In  addition  many  of  theso  processes  involve  the  conduction  system  in  such  a  mdnner  as  to 
cause  marked  conduction  disturbances  and  hiqh  degree  A-V  blocks.   Unfortunately,  most  of 
the  infiltrative  diseases  are  not  amneiable  to  curative  therapy  but  sterlods  are  very 
effective  1n  sarcoidosis  and  chemotherapy  may  be  very  effective  in  neoplastic  infiltrative 
myocardlopithy.  °  /  , 
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.     ETIOLOGIC  CLASSIFICATION  6F  ACUTE  PERICARDITIS 

1.  Acute  Idiopathic  or  nonspecl/ic  *  { 

2.  Specific  infections: 

a.   Bacterial  (staphylococcal,  meningococcal,  streptococcal,  pneumococcal, 

gonococcal)  %  ■■ 

b*    Fungal  (histoplasmosis,  actinomycosis,  nocardiosis,  toxoplasmosis) 

c.  Viral  (Coxsackie  B,  influenza,  ECH^) 

d.  Tuberculosis 

e.  Miscellaneous  (syphilitic  gummatous  pericarditis,  parasitic  disease,  especially 
Echinococcus  and  Cysticercus) 

3.  Connective  Tissue  Disease^rheumatlFid^dlsease,  rheumatic  fever,  Systemic  Lupus 
Erythematosus,  scleroderma,  periarteritis  nodosa, 

a 

4.  Uremic  Pericarditis 

5.  fc  Primary  or  metastatic  neoplasm  including  lymphoma,  leukemia,  melanoma 

6.  Post  radiation  pericarditis  ^ 

7.  Acute  myocardial  infarction 

8.  Post  nyocardial  infarction  syndr&me 

9.  Post  thoractonjy  syndrome 

10.  Trauma  -  penetrating  or  nonpenetrating 

11.  Aortic  aneurysm  -  rupture  of  dissecting  or  nondissecting  aneurysm  into  the  perlcardl 
„  space 

,12.  Drug  associated  -  Hydralazine,  Procaine  amide,  Isonizid 


\ 
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PRIMARY  MYOCARDIAL  DISEASE 


Etiology 


I. 
2. 


Idiopath1c-%(gnknown  etiology)' 


\ 


Specific  etiology 

a.  Infectious  (viral,  bacterial,  nicotic,  parasitic,  protozoal,  rickettsial) 

b.  Metabolic  (hyperthyroidf  hypothyroid,  pheochromocytoma,  nutritional,  electrolyte 
imbalance,  anemia)  ~ 

c.  Toxic  (emetine,  Garbon  tetrachloride,  bacterial  toxins,  others) 

d.  Infiltrative  (malignancy,  sarcoid,  hemachromatosts,  amyloidosis,  glycoger^storage 
disease)  * 

e.  Collagen  diseases 

f.  Neuromuscular  disorders  (progressive  muscular  dystrophy,  dystrophia  myotonia, 
Friedreich's  ataxia) 

g.  Pregnancy  and -postpartum  state 

h.  Congenital  0£  familial  myocardial  disease 

i.  Miscellaneous  -  endocardial  fibroelastosis,  endomyocardial  fibrosis,  alcoholic 
myocardiopathy,  hypertrophic  muscular  outflow,  tract  obstruction  (obstructive 
cardiomyopathy),  hypersensitivity,  traumatic  myocardial  injury 

t 

DIFFERENTIATING  FEATURES  OF  PRIMARY  MYOCARDIAL 
DISEASE  AND  ARTERIOSCLEROTIC  HEART  DISEASE 

Primary 
-  Myocardial. 
'  Disease 


Features 


Age 
Sex 

Angina  pectoris 

Angina  pectoris  without  CHF 

EKG  infarction  pattern 

Infarction  pattern  with 
normal  or. slightly 
enlarged  heart 


Any  age 
Equal 

Occasional 

Rare  , 

p 

Occasional 
Rare 


Arteriosclerotic 
Heart  Disease^ 

Over  40 

Predominantly  males 

Frequent 

Frequent 

Frequent 

Frequent 


r  " 

TREATMENT  OF  PRIMARY  MYOCARDIAL  DISEASE 
Rest  6  *' 

Usual  treatment  for  congestive  heart  failure 

a.  Sodium  restriction 

b.  Digitalis 

c.  Diuretics  I 
Treatment  for  arrhythmia 

Anticoagulants  for  pulrfionary  or  peripheral  emboli 
Steriods 


j 
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CONGENITAL  CARDIOVASCULAR  DISEASE 


1.    The  common  congeal tal  abnormalities  of  the  great  arteries. 

■•.     Patent  ductus  arteriosus  (PDA}  1 

(1)    The  ductus  arteriosus  Is  a  vessel  In  the  fetus  which  shunts  blood  from  the 
right  si  do  of  the  circulation  (pulmonary  artery)  to  the  left  side  of  t+ie 
circulation  (aorta)  below  the  3  great  vessels  of  the  arch. 


(  )     Normally,  the  ductus  arteriosus,  begins,  to  close  soon  after  birth  and  Is 
completely  closed  within  a  few  weeks  «r  months. 

■  '  .     .  T 

,  (3)     If  the  ductus  is  open  past  3  months  after  birth  it  Is  know  as  a  patent 
ductus  arteriosus. 

(4)     The  ductus  not  being  closed  allows  for  a  left  to  right  shunt  of  blood. 
Aorta  «^  pula^av^lgrtery . 

(5J     Therefore,  there  Is  Increased  blood  flow  through  the  lungs,  left  atrium, 
and  left  ventricle.         *■  * 

(6)  This  results  in  Increase  In  sin  ef  the  left  heart  to  accommodate  the 
Increased  bleed  flow  -  volume  hypertrophy. 

(7)  The  high  pressure  blood  from  the  aorta  reaching  the  low  pressure' pulmonary 
artery  may  lead  to  pulmonary  hypertettsl on. 

(8)  Pulmonary  hypertension  causes  hypertrophy  of  the  right  ventricle  -a  • 
pressure  hypertrophy. 

(9)  Eventually,  there  may  be  a  reversal  of  the  <1rect1on  of  shunt  from. 
L  — >  R  to       R  I.         .  ^ 

(10)  At  this  point  venous  (un oxygenated)  blood  enters  the  arterial  system 
causing  cyanosis.  ^ 
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b.     Coarctation  of  the  aorta 

(1 )  Coarctation  Is  a  narrowing  of  the  aorta. 

(2)  The  area  of  Import* nee  Is  that  of  the  left  subclavian  artery  orlqin  and 
thewitrance  of  the  ductus  arteriosus.  y 

(3)  There  are  several  types  of  coarctation: 

(a)  Fetal 

(b)  Transitional 

(c)  Adult  -  only  type  to  be  discussed  here. 

(4)  Adult  coarctation 

(a)  The  point  of  narrowing  is  just  proximal,  at.  or  Just  distal  to  the 
ductus  arteriosus. 

(b)  The  ductus  arteriosus  may  also  be  patent. 

«  * 

(c)  Increased  pressure  In  the  segment  of  aorta  proxlml  to  the 
coarctation.   There  Is  hypotension  distal  to  the  coarctation. 

(d)  I5!ri1Lpr!s?ur?  hyPertr°Pny  °'  the  left  ventricle  and  sometimes 
also  left  atrium. 

(e)  Also,  collateral  blood  flow  by  multiple  anastomoses  brings  blood  to 
the  lower  portion  of  the  body  via  Intercostal  arteries,  Internal 
mammary  arteries,  and  dorsal  scapular  arteries. 

Common  congenital  abnormalities  of  the  heart 

a.     Atrial  septal  defect.  (ASD) 

(1)  At  times  there  may  be  a  defect  or  hole  in  the  septum  between  the  atria. 

(2)  There  are  three  types  of  atrial  septal  defect  related  to  the  embryologlc 
development  of  the  heart.   Only  one  will  be  discussed. 
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(3)    ASD,  fossa  ovalls  typt. 

(i)    The  shunt  Is  toft  to  rights  l.t.,  teft  atrium  to  right  atrium. 
H*t  itHSU$t  Pf€$$urt  *  m  Uft  itrtu"  1s  h19her  th™  the 

(b)    Tht  right  atrium  ami  right  ventricle  show  volume  hypertrophy.  There 
is  enlargement  (dilation)  of  tho  tricuspid  and  pulmonary  valves  and 
tne  pulmonary  trunk. 

»» 

(C)    IS!  J!fLat1?"       left  T*1?1*       *  SIMl  ler  tha"  n°m»l  .  as  • 
may  be  the  mitral  and  aortic  valve  orifices. 

(d)    Reversal  of  flow,  i.e.,  right  to  left  shunting  Is  very 'uncommon. 
Ventricular  Septal  Defect  (VSD) 

0)    ^?Sr^L°5fUr»!iryw,ir'1?       1»t*™«*trt«rt«r  septum  but  there  1s  a 
predilection  for  the  subaortic  area. 

» 

(2)  ofnthrsiptJl,feCtS  *n  in       subaort1c  ,rM  ap*  1n  the  membranous  portion 

(3)  Some  defects  are  In  the  muscular  portion  of  the  septum. 

(4)  These  begin  as  left  to  right  shunts, 

(5)  ^lUT"  "Sporty right  ventricle,  pressure  hypertrophy  of  the 
right  atrium,  volume  hypertrophy  of  the  left  atrium  and  left  ventricle  are 
present. 

(6)  Enlargement  of  the  pulmonic  and  mitral  orifices. 

■    *  L 

(7)  ISS^ ^.^b^SSI^^T^^SIi?* """"  to  rt.«lrt  "  wt "  • 

Aortic  Stenosis 

(1)    There  are  three  types: 

(a)  Valvular 

(b)  Subvalvular 
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(c)  .  Supravalvar 

(d)  Several  varieties  of  each  of  these  types 

(2)  Without  considering  the  types  or  their  varieties  -  we  will  cons.iff-r  tho 
affect  produced  by  all  of  then. 

(3)  Pressure  hypertrophy  of  the  left  ventricle, 
d.     Pulmonary  stenosis 

(1)  Two  types 

(a)  Valvular  -  most  common 

(b)  Subvalvular  -  uncommon 

(2)  Pressure  hypertrophy  of  the  right  ventricle.  ' 

(3)  Often  poststenotic  dill tation  of  the  pulmonary  trunk. 

(4)  Here  we  are  of  necessity  only  dlscusslnq  a  valve  which  throw*  stenotic 
allows  enough  blood  flow  to  the  left  side  to  maintain  life. 

Common  congenital  anomalies  of  .the  great  vessels  and  heart  cort>1ned. 

a.    Total  anomalous  pulmonary  venous  drainage 

(1)  Numerous  forms  -  here  we  will  only  consider  the  direct  form  without 
pulmonary  venous  obstruction. 

(2)  In  this  anomaly  all  the  pulmonary  veins  enter  the  Hqht  atrium.  The  veins 
actually  enter  a  pouchlike  structure  which  then  enters  the  rlqht  atrium. 

'(3)    There  Is  always  jn  atrial  septal  defect  of  the  fossa  oval  is  type  with  a 
right  to  left  shuhjt. 

(4)  Pulmonary  hypertension  1s  usually  found. 

(5)  Pressure  and  volume  hypertrophy  of  right  atrlun  and  right  ventricle. 
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(6)  Enlargement  of  the  tricuspid  and  pulmonary  orifices  and  pulmonary  trunk. 

j  i' 

(7)  The  left  atrium  is  small.  |he  left  ventricle  may  be  normal  or  small, 

\  «gr  -  ■ 

Transposition  of  the  arterial  trunks. 

\ 

(1)     There  are  4  basic  cannon  fomi$  of  transposition; 

1 

(a)  Complete  transposition 

\ 

(b)  Partial  transpositton  wltSh  pulmonary  stenosis 

(c)  Taussig-B1ng  complex  \ 

(d)  Tetralogy  of  Fallot 


(2)  Transposition  1s  an  anomaly  1n  which  the  aorta  Is  abnormally  placed  with 
respect  to  the  pulmonary  trunk. 

(3)  <toly  the  complete  transposition  and  tetralogy  of  Fallot  will  be  discussed 
nere. 

(4)  Complete  transposition 

(a)  The  aorta  emerges  from  the  rlUit  ventricle 

(b)  The  pulmonary  trunk  emerges  fJwm  the  left  ventricle 

(c)  There  must  be  and  are  various  khunts  available.   VSD,  ASD  and  patent 
ductus  arteriosus  are  the  usual  ^shunts. 

(d)  An  ASD  1f  present  is  usually  left  to  right 

(e)  PDA  and  VSD  are  variable  in  direction  of  shunting 

(f)  Pressure  hypertrophy  of  the  right  atrium  and  right  ventricle. 

(g)  Hay  be  volume  hype -trophy  of  the  left  side. 
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Tetralogy  of  Fallot 

(1)  The  tetralogy  1s 

(a)    Pulmonary  stenosis 
*(b)     Right  ventricular  hypertrophy 

(c)  Ventricular  septal  defect 

(d)  Overriding  aorta 

(2)  The.  pulmonary  stenosis  1s  In  the  1nfund1bulum and  may  also  be  1n  the  valve 

(3}    The  overriding  aorta  refers  to  the  aorta  straddling  the  Interventricular 
2£7riir        eC?  1n  th* Th*  MrU  'dually  emeries  from  both 
15!  tnll  LL~.PVJlny?  ^  e"tr9es,fr«"  **>«>  ventricles.   The  pulmon- 
ary trunk  emerges  from  the  right  ventricle. 

(4)  Sf!  !rLtWLtyp?  °' com5le*«  "  *  cyanotic  type  and  an  acyanotic  type, 
ine  e  types  depend  on  the  degree  of  pulmonic  stenosis  and  size  of  the  VSO. 

(5)  Cyanotic  type 

(a)  Pulmonary  stenosis  Is  predominant 

(b)  Pressure  hypertrophy  of  the  right  atrium  and  ventricle  . 

(c)  Decreased  pulmonary  blood  flow 

(d)  Smaller  than  usual  left  atrium  and  ventricle 

(e)  A  r1ght-to-left  shunt  at  the  ventricular  level 

(6)  Acyanotic  type 

(a)  Pulmonary  stenosis  1s  relatively  mild  and  the  VSC  predominates 

(b)  A  left^to^rlght  shunt  at  the  ventricular  level  with  Increased  pul- 
monary blood  flow  and  Increased  volume  on  the  left  side. 
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NOTES: 


(O  Pressure  end  volume  hypertrophy  of  the  right  ventricle 

(d)  Pressure  hypertrophy  of the  right  atrium 

(e)  Volume  hypertrophy  of  left  atrium  endvventrtcle 

(f)  Enlargement  of  mitral  end  aortic  orifices 
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Study  Guides,  Workbooks,  Programmed  Texts  and  Handouts  are  training 
publications  authorized  by  Air  Training  Command  (ATC)  for  student  use  in 
ATC  courses. 
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replace  or  augment  5Gs  and  WBs. 

The  HANDOUT  (HO)  contains  supplementary  training  materials  in  the 
form  of  flow  charts,  blocjc,  diagrams,  printouts,  case  problems,  tables, 
forms,  charts,  and  similar  materials.  1 

Training  publications  are  designed  forlATC  course  use  only.  They 
are  updated  as  necessary  for  training  purposes,  but  are  NOT  to  be  used 
on  the  job  as  authoritative  references  in  preference  to  Technical  Orders 
or  other  official  publications. 
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BASIC  ATOMIC  THEORY 


OBJECTIVES 

is 

a.  Describe  the  structure  of  an  atom. 

b.  Differentiate  between  a  compound  and  a  mixture. 

c.  Define  the  units  of  measurement  of  electric  current.  ^ 

d.  Differentiate  between  an  insulator,  conductor,  and  semi-conductor. 

e.  Identify  the  beat,  shock,  and  magnetic  effects  of  electric  current. 
INTRODUCTION 

«.»  I5iS  Study  Guiae/Workbook  was  prepared  as  part  of  a  programmed  lecture     Later  in 

INFORMATION  • 
Exercise  1 

1.    Study  the  illustration  below  and  identify  the  different  parts  of  the  atom. 


f 

I 
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2.    Answer  the  questions  below,  true  (T)  or  False  (F)* 

 a-  The  structure  of  the  atom  i$  identical  to  the  ,solar  systems. 

^     b»  Theinucleus  has  a  positive  charge. 

  c-  Electrons  are  locat/rif  wltffhv the  nucleus  of  the  atom. 

  d-  Electrons  have  a  negative  charge.  ^ 

  e.  Electrons  revolve  in  fixed  orbits  around  the  nucleus  of  the  atom. 

  f •  The  nucleus  is  made  up  of  protons  and  neutrons. 

  g.  Neutrons  have  a  positive  charge. 

EXERCISfe  2; 

1.  Study  the  illustration  below  and  fill  in  the  maximum  number  of  electrons  that 
each  shell  can  hold. 


Q  =  EUCTROM^  


4  2,    Answer  the  questions  below,  True  (T)  or  False  (F) . 

*7   a*    The  hydrogen  atom  consists  of  1  proton  and  1  electron . 

 b.    The  second  shell  on  an  atom  is  ^identif ied  as  the  "L"'  shell. 

  c.    The  maximum  number  of  electrons  in  the  next  t;o  the  outermost  shell 

is  8. 

  d.    The  outermost  shell  is  called  the  valence  shell. 

  e.    The  maximum  number  of  electrons  in  the  valence  shell  is  8. 
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EXERCISE  3: 

1.    Answer  the  questions  below  as,  True  (T)^a^F^lse  (F). 
Unlike  charges  repel. 

 b.  •  A  neutral  atom  has  an  equal  number  of  electrons  and  neutrons. 

 c-    A  positive  ion  has  a  surplus  of  electrons.  ». 

__d.    If  an  atom  gains  an  electron  it  becomes  a  negative  ion. 


,  e.    The  number  of  protons  in  the  nucleus  of  an  atom  determines  its 

atomic  number  (Z) • 

_         f.    The  number  of  electrons  and  protons  determines  the  atomic  weight 

mass  fA)  of  an  atom. 

2.    Study  the  illustration  below,  then  answer  the  questions  that  follow. 


l    '  V7HJ  I  1 


0 


-9 


a.  How  many  electrons  are  itt  this  atom? 

b.  Is  this  atom  neutral?    ■       ■  ; 

c.  What  is  the  atomic  weight  (A)? 

d.  What  is  the  atomic  number  (Z)? 


I: 


e.  How  many  electrons  are  in  the  valence  shell? 

f.  Is  this  a  negative  or  positive  ion?   

g.  Where »  is  most  of  the  weight  of  the  atom? 


EXERCISE  4:  4 

1.  *  Match  each  term  in  column  A  with  the  correct  definition  from  column  B. 

A  -  Terms  -  B  -  Definitions 

  a.  Element        v        l.    Anything  which  occupies  space  and  has  weight. 

— -  b*    Matt«  2.    A  substaiice  which  is 'made  up  of  the.  same  kind 

of  atoms. 


c.  Atom 


«  .  \ 
3.    The  smallest  part  of  an  element. 


2.    Answer  the  questions  below,  True  (T)  or  Fal^e,  (F) . 

  3.    The  bones  in  the  body  are  NOT  made  up  of  matter. 

  b.    All  matter  exists  in  a  solid  s^ate. 

  c.    Liquids  are  a  form 'of  matter. 

  d-    Matter  made-up  from  one  type  cjf  atom  is  called  an  element. 

 eV  An  element  cannot  be  separated  into  different  substances  except  by 

nuclear  disintegration.  * 

EXERCISE  5: 

•  Study  the  illustration  -below  and  answer  the  questions,  True  (T)  or  False  (F) 

•« 

.  Elements  Atom        Atom         Atom  Compound 

X  0- 


a.  A  substance  made  up  of  one  type* of  atom  is  called  an  element. 

b.  One  molecule  of  water  is  composed  of  2  atoms  of  hydrogen  and  one  atom  of 
-  oxygen . 

c .  Water  is  an  element . 

d.  An  element  is  a  combination  of  different  atoms. 

e.  A  compound  is  composed  of  more  than  one  element,  chemically  combined. 

f.  A  mixture  can  be  separated  into-  its  elements  by  mechanical  means. 
gfT  Water  is  an  example  of  a  compound. 

h.  Sugar  dissolved  in  water  is  an  example  of  a  mixture. 
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EXERCISE  6; 

1.    Study  the  illustration  below  and  identify  the  different  parts  of  the  atom. 


2.  Study  the  illustration  of  .the  atom  bek>w.  Then  answer  the  questions  that  follow. 
The  "8P"  and  the  " 7N"  represent  the  number  of  protons  and  neutrons  in  the  nucleus. 

•©''©Co 

a.  How  many  shells  are  there  in  this  atom? 

b.  The  first  shell  is  identified  as  the 


c.   The  second  shell  is  identified  as  the 


shell. 

v 

shell. 


d.    Which  shells  are  missing  frorrj  this  atom? 


e.  Does  the  number  of  protons  in  the  nucleus  equal  the  number  of  orbitin« 
electrons?_  * 

f.  Do  the  7  neutrons-  have  any  effect  on  the  electrical  charge  of  the  protons  or  the 
electrons?   »       ^  . 


g.  Can  the  protons  and  neutrons  be  separated  by'ordinary  means? 

h.  What  particle  of  the  atom  rotates  around  the  nucleus? 

i.  Where  is  most  pf  the  weight  ^of  the  atom  found? 

t  " 

j.     Draw  the  symbol  for  a  proton.  *  

k.    Draw  the  symbol  for  a  neutron. 


1.     What  particles  are  found  in  the  nucleus? 


m.   What  is  the  maximum  number  of  electrons  contained  in  the  valence  shell  of  any 
atom0 


n.    What  is  the  atomic  weight  of  an  atom  containing  8  neutrons,  9  protons, 
and  9  electrons?   .      .  __   

o.    What  determines  the  atomic  number  of  an  atom? 


3.    Study  the  illustration  below  and  answer  the  following  questions ,  True  (T)  or 

4 


False  (F). 


©  ^0  0 


,    a.    The  atomic  weight  of  this  atom  is  eight  (8). 

 b.*  The  atom  illustrated  is  a  positive  ion. 

 c.    The  "L"  shell  of  this  atom  is  called  the  valence  shell. 

 d.    The  atomic  number  of  this  atom  is  15. 

4.    Match  each  term  in  column  A  with  the  correct  definition  from  column  B. 


A  -  Terms 

 a.  Element 

 b.  Matte*r 

 c.  Compound 

_j  d.  Mixture 

e.  Molecule 


_  f. 


"Z"  number 
"A"  number 


B  *  Definitions 

9  1.    The  number  of  protons  in  the  nucleus  of  an 
atom. 

2.  Anything  that  has  weight  and  occupies  space. 

3.  A  substance  composed  of  two  or  more 
elements. 

4.  The  number  of  protons  and  neutrons  in  the  . 

nucleus  of  an  atom. 

$  •  , 

5.  A  substance  composed  of  two  or  more 
elements  NOT  'chemically  combined. 

6.  The  smallest  part  of  a  compound  that  can 
be  identified  as  that  compound. 

7.  A  substance  made  up  of  one  type  of  atom. 


136 


■  * 


EXERCISE  7:  * 

1.  Answer  the  question*  below,  True  (t)  px  False  (F)\. 

'    »•   An  atom  must  havei  5  or  more  valence  electrons  to  be  considered 
chemically  stable. 

'  a  W* .. 

^  An  atom  with  an  atomic  number  of  2  murft  have  8^valence  electrons  in 

order  to  be  considered  chemically  stable. 

 c-   An  atom  with  8  valence  electrons  is  chemically  stable. 

;    d.    The  maximum  number  of  valence  electrons  cannot  exceed  8. 

 :  e-    Tw0  unstable  atoms  can  form  a  stable  compound  if  the  valence  electrons 

add  up  to  a  total  of  8, 

2.  Study  the  illustration  below  and  answer  the  following  questions,  True  (T)  or 
False  (F).  ,  /  - 


 a*    The  atoms  illustrated  will  readily  combine  to  form  a  stable  compound. 

 b*    The  "M"  shell  of  the  chlorine  atom  is  called  thfe  valence  shell. 

 <=•    The  "L"  shell  of  the  sodium  atom  is  called  the  valence  shell. 

EXERCISE  8: 

1.   Answer  the  questions  below,  True  (T)  or  False  (F). 

 a*    Loosely  bound  electrons  can  easily  become  free  electrons. 

-       An  atom  that  has  5  electrons  in  the  faience  shell  gives  up  its  electrons 
easily. 

 c:     If  the  movement  of  free  electrons  is  controlled  by  an  outside  force,  an 

electric  current  is  produced.  * 

 d.    Electrons  are  attracted  by  positive  polarity. 

 e.    An  electric  current  is  caused  by  a  chain  of  ionization. 

 f.  An  electron  has  a  positive  elemental  charge. 

 g*    ^  takes  a  very  large  number  of  elemental  charges  to  make  one  coulomb. 

h.    One  elemental  charge  is'equal  to  one  coulomb. 
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EXERCISE  9: 

1.  The  definition  of  an  electron  current  is  the 

a.  movement  of  electrical  force  through  a  conducting  material. 

b.  flow  of  water  through  a  pipe. 

c.  movement  of  free  electrons  through  a  conducting  material. 

d.  electromotive  force  within  a  material. 

2.  When  we  measure  electrical  current,  we  determine  the 

a.  strength  of  each  electrical  charge. 

b.  flow  rate  of  the  current. 

c.  *4  charge  that  is  carried  by  the  electron. 

d.  charge  remaining  on  the  proton. 

3.  When  we  measure  current,  the  unit  charge  used  to  determine  the  flow  rate  per 
second  is  the 

a.  coulomb. 

b.  elemental  charge. 

c.  electron.  .  . 

d.  proton. 

4.  The  unit  of  measure  for  current  flow  is  the 

a.  elemental  charge. 

b.  proton. 

c.  ampere. 

.  d.  electron. 

5.  The  movement  of  electrons  through  a  conducting  material  is  the  result  of 

a.  the  elemental  charges.  i 

"  V 

b.  a  difference  of  potential. 

c.  two  positively  charged  atoms. 

d.  Two  negatively  charged  atoms. 

6.  The  pressure  or  force  that  causes  current  to  flow  is  called 

a.  the  elemental  charge. 

b.  electromotive  force. 

c.  electron  flow. 

d.  a  deficiency  of  electrons.  I  33 
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7.   The  unit  of  measurement  for  electromotive  force  is  the 


a. 

ampere. 

b. 

coulomb. 

e. 

volt. 

• 

d. 

ohm. 

EXERCISE  10:  .  t 

or  Fal'se^  **  ***  on  th«  following   pa*e,  True  (T) 

NOTE;   The  outermost  shell  of  an  atom  is  its  valence  shell. 


ATOMIC 
NMftfl 

ATOM 

sum 

i 

i 

j 

| 

•  •jwi  ugui  n 

i 

2 

Hef  mm  H# 

■  ■YTfOJfl)  19% 

3 

Lithium  Li 

i 

4 

Beryllium  6c 

2 

s 

Boron  B 

3 

5 

Carbon  C 

4 

7 

Nitrogen  N 

5 

1 

Oxygen  0 

S 

9 

Fluof me  F 

7 

10 

Neon  No 

1 

11 

'  Sodium  No 

1 

1 

12 

Magnesium  Uf 

1 

2 

13 

Aluminum  At 

1 

3 

14 

Silicon  Si 

1 

4 

15 

Phosphorous  P 

1 

5 

Ifi 

Sulphur  S 

1 

6 

17 

CMerint  CI 

1 

7 

11 

Argon  A 

1 

1 

19 

Potassium  K 

1 

1 

1 

20 

Calcium  Ca 

1 

1 

2 

21 

Scandium  Sc 

t 

9 

2 

22 

Titanium  Ti 

1 

10 

2 

23 

Vanadium  V 

1 

11 

2 

24 

Chromium  Cr 

1 

13 

1 

25 

Manganese  Mil 

1 

13 

2 

26 

Iron  Fe 

1 

14 

2 

27 

Coealt  Co 

1 

15 

2 

21 

Nickel  Ni 

1 

IS 

2 
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1 

II 

1 

30 
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1 

11 

2 
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1 

11 

3 

32 
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1 

11 

4 

33 
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1 

11 

5 

34 

Selenium  So 

f 

11 

6 

35 
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1 

11 

7 

36 
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1 

11 

8 

37 

Rubidium  Rb 

1 

11 

1 

31 

Strontium  Sr 

1 

11 

1 

39 

Yttrium  Y 

1 

11 

9 

40 

Zirconium  ?r 

1 

11 

10 

41 

Niobium  NO 

1 

11 

12 

42 
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1 

11 

13 

43 

Techetium  To 

1 

11 

14 

14 

Ruthenium  Ru 

1 

11 

15 

Rhodbm  Rh 

1 

11 

IS 

« 

Palladium  Pd 

1 

11 

11 

Silver  A| 

8 

If 

11 

u 

Cadmium  Co* 

1 

11 

11 

49 

Indium,  In 

1 

11 

11 
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11 

t| 

* 

si 
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11 

1) 
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c 
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11 

• 
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11 
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• 
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• 

lm 

77 

t 
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3 

i 

ft 
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I 
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11 

C9 

a 

3 

C 
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M 
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1| 

27 

• 

3 

7 
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21 

9 

I 

61 
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11 

29 

9 

2 

69 
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1 

11 

30 

9 

2 

70 
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1 

11 

31 

9 

2 

71 

Utetium  Lu 

1 

11 

32 

9 

2 

72 

HofcMum  HI 

1 

11 

32 

10 

2 

73 
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1 

11 

32 

11 

2 

74 

Tungsten  W 

1 

11 

32 

12 

2 

75 
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1 

11 

32 

13 

2 

76 
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1 

11 

32 

14 

2 

77 

1 

11 

32 

15 

2 

71 
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1 

11 

32 

16 

2 

79 
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8 

11 

32 

11 
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10 
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1 

11 

32 

11 
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11 
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11 

32 

11 

3 

12 
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11 

32 

11 
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13. 
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11 

32 

11 

5 

14 
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1 

11 

32 

11 
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15 
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11 

32 
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17 
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11 

32 

26 

9 

91 
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11 

32 

27 

9 
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 a.   Gold  (atomic  number  79)  is  a  good  conductor. 

b.    Lead  (atomic  number  32)  is  an  insulator.  — v 

 c.   Molybdenum  (atomic  number  42)  is  a  semiconductor. 

..  d.   Bromine  (atomic  number  35)  is  an  insulator. 

 e.    Tungsten  (atomic  number  74)  is  a  better  conductor  than  gold. 

 f.    Carbon  (atomic  number  6)  is  a  semiconductor. 

 g.    Copper  (atomic  number  29)  is  a  better  conductor  than  tungsten. 

EXERCISE  11: 

1.  The  opposition  to  current  flow  in  a  conducting  material  is  known  as 

a.  resistance. 

b.  electromotive  force. 

c.  amperes. 

d.  conductance. 

2.  The  unit  of  measure  for  resistance  is  the  .  - 

a.  volt. 

b.  ampere. 

c.  watt. 

d.  ohm. 

3.  The  four  factors  affecting  the  resistance  of  a  material  are  the 

a.  type  of  material,  applied  voltage,  proton  movement,  and  heat. 

b.  length,  chemical  action,  current,  and  insulation. 

c.  electromotive  force,  temperature,  cross- sectional  area,  and  diameter. 

d.  type  of  material,  cross* sectional  area,  length,  and  temperature. 
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1.   A  unit  of  measurement  for  electromotive 
force. 


4.  Match  eaeh  term  in  column  A  with  the  appropriate  definition  in  column  B. 
A  -  Terms  B  »  Definitions 

 a.  Volt 

 b.  Ohm 

e.   Amperes  A        °f  me*8urem*nt.*>r  current  flow. 

_  d.    Conductor  *\  A        °£  measurement  resistance, 

e.    Resistance  "  *'    A  ^a***  *r°ugh  which  electrons  can  move. 

5.   Opposition  to  current  flow. 
5.    Conductors  are  constructed  from  materials  having 

a.  tightly  held  valenee  electrons. 

b.  a  large  number  of  atoms. 

c.  high  resistance. 

AT. 

d.  low  resistance. 

6.  If  the  conductor  has  a  low  resistance  it  will  have  a  large  number  of 

a.  molecules. 

b.  atoms. 

c.  protons. 

d.  free  electrons'. 

7.  Materials  with  extremely  high  resistance  are  used  as 

a.  insulators. 

b.  conductors. 

c.  fuses. 

d.  ohms. 

8.    Materials  having  very  few  free  electrons  make  good 

a.  atoms. 

b.  conductors. 

c.  molecules. 

d.  insulators. 

f 
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EXERCISE  12; 

1 .  Two  effects  of  an  electron  current  are 

a.   heat  and  electromotive  force. 
p.    resistance  and  shock. 

c.  heat  and  magnetism. 

d.  magnetism  and  high  resistance. 

2.  Complete  the  following  statements. 

a.  Electric  light  is  made  possible  by  the  

electron  current. 

b.  An  electron  current  produces  a  

conductor. 

c.  Electrocution  is  caused  by  the  

 through  the  body. 


effect  of  an 


around  the 


effect  of  an  . 
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SUMMARY  OF  THE  BASIC  ATOMIC  THEORY 


Introduction,     In  order  to  discuss  the  fundamentals  of  x-ray  production,  interaction  of 
x-rays  with  matter  and  radiation  protection,  we  must  first  discuss  the  structure  of 
matter.    Many  theories  have  been  advanced  but  it  was  not  until  the  beginning  of  the  19th 
century  that  Dalton,  Avogadro  and  Prout  laid  the  foundation  of  the  atomic  theory  of 
matter.    The  work  of  Rutherford  in  1911  and  further  development  by  Bohr  in  1913  led 
to  a  concept  which  explains  the  structure  and  behavior  of  the  atom  satisfactorily,  Thifl 
concept  is  called  the  Rutherford-Bohr  concept,  or  in  short,  Bohr's  atomic  theory. 

Bohr's  Theory.    In  1913,  a  Danish  physicist,  Neils  Bohr,  advanced  the  theory  that  the 
structure  of  the  atom  resembles  that  of  a  miniature  solar  system.    According  to  this 
theory,  an  atom  consists  of  the  central  nucleus  with  a  positive  electrical  charge  and 
tiny,  negatively  charged  particles,  called  electrons  revolving  around  the  nucleui  in 
fixed  orbits,  in  mucmthe  same  way  that  planets  revolve  around  the  aun. 

Structure  Of  The  Atom.    This  includes  the  nucleus,  proton,  neutron,  and  electron. 

NUCLEUS.  The  nucleus  accounts  for  almost  all  of  the  weight  and  mass  of  the  / 
atom.  It  furnishes  the  force  that  causes  other  particles  to  spin  around  the  nucleus/  * 
The  nucleus  contains  protons  and  neutrons.  ,  ' 

PROTON.    The, proton  has  a  positive  charge.    Every  atom  must  have  at  least  one 
proton.    On  the  atomic, model,  protons  are  represented  by  the  symbol   (P)    or  (7) 

NEUTRON.    Another  particle  found  in  most  atoms  is  the  neutron.      It  has 
approximately  the  same  mass  and  weight  as  the  proton  but  it  has  no  electrical  cnarge  - 
it  is  neutral.    The  neutron  is  required  to  stabilize  the  atomic  structure  of  the  more 
complex  atoms. 

ELECTRON.    The  third  particle  of  the  atom  rs  the  electron.    It  has  a  negative 
electrical  charge  and  it  is  represented  by  a  circle  with  a  minus  sign  Q    .  The 
electron  revolves  about  the  nucleus  in  paths  called  shells,  or  energy  levels. 

Simple  Atoms.    Two  simple  atoms  are  the  hydrogen  atom  and  the  helium  atom. 

HYDROGEN.    The  structure  of  the  hydrogen  atom  fs  very  simple  -  it  consists,  of 
one  proton  in  the  nucleus  and  one  electron  in  orbit  around  it.    Since  the  two  charges 
©  O   cancel  out»  t^ie  atom  is  electrically  neutral. 

HELIUM.    The  helium  atom  has  two  prbtbns  and  fcwq  neutrons  in  its  Nucleus.  The 
protons  give  the  nucleus  an  electrical  charge  of  +  2.    Therefore,  we  need  a  charge  of 
-  2  or  two  electrons  orbiting  around  the  nucleus  to  make  this  a  balanced  neutral  atom. 
Since  the  neutrons  have  no  charge,  they  do  not  affect  the  electrical  balance  of  this 
atom.  '  r 

Shells  Or  Energy  Levels.    The  levels  of  energy  surrounding  the  nucleus. 

ELECTRONS  PER  SHELL.    There  is  a  limit  to  the  number  of  e^ctrons  that  a 
shell  can  hold.    The  maximum  number  held  by  the^different  shells  aVe:   K  -  2;    L  -  8; 
M  -  18;   N  -  32;   O  -  32;   P  -  18;   Q  -  8.- 


I  ADDITIONAL  LIMITATIONS,  Regardless  of  how  many  ihells  a  particular  atom 
has,  the  outermost  shell  can  never  exceed  8  electrons  and  tjxe  next  to  the  outermost 
shell  can  never  exceed  18  electrons. 

*  VALENCE  SHELL,  The  outermost  shell  of  an  atom  is  called  the  valence  shell  and 
the  number  of  electrons  in  this  shell  determines  the  chemical  stability  and  the  electri- 
cal characteristics  of  that  atom. 


Static  Electricity,    One  of  the  fundamental  laws  of  electricity  states  that  like  charges 
repel  and  unlike  charges  attract.    This  law  explains  the  bond  that  exists  in  the  atom 
between  the  positively  charged  protons  and  the  negatively  charged  orbiting  electrons. 
Since  the  two  particles,  (electrons  and  protons)  have  unlike   charges,  they  will  be 
drawn    toward  each   other  until  the  positive  charge  exactly  balances  the  negative 
charge.    This  balanced  condition  holds  the  electrons  in  the  various  orbits  around  the* 
nucleus. 


NEUTRAL  AJOM,    Under  normal  conditions  the  number  of  electrons  in  the  orbital 
shells  of  an  atom  will  be  the  same  as\thefnumber  of  proton^  in  the  nucleus.  Therefore, 
if  the  sum  of  the  positive'charges  is  eauafr  to  the  sum  of  the)  negative  charge 
will  be  electrically  neutral,  { 


rges,  the  atom 


ION,    If  the  negative  and  positive  charges  within  an  atojrn  are  not  equal,  the  atom 
becomes  an  ion.    As  an  x-ray  technician,  you  are  very  mujch  concerned  with  ions, 
because  the  biological  damage  to  the  body,  caused  by  x-ra(ys,  is  due  to  ionization, 

NEGATIVE  ION,  If  a  neutral  atom  gains  an  electron  it  becomes  negatively  charged. 
Since  it  has  a  surplus  of  electrons  it  is  a^  negative  ion,  \ 

POSITIVE  IdN.  If  a  neutral  atom  looses  an  electron  £t  becomes  positively  charged. 
Since  it  has  more  protons  than  electrons  it  is  a  positive  ijon, 

■  \  . 

Atomic  Number,    The  number  of  protons  or  positive  charges  in  the  nucleus  of  an  atom. 


Atomic  Weight  (Mass  Number), 
nucleus  of  an  atom. 


The  total  number  of  prjotons  and  neutrons  in  the 


Matter,    Matter  is  anything  that  has  weight  and  occupies  space.    The  three  states  of 
matter  are  solid,  liquid  and  gas.    Certain  types  of  mat/ter  can  exist  in  all  three  states; 
for  example,  water,  ice  and  steam  represent  the  sam^  matter  in  different  states. 


different  substances  except  by 
of  atom.  The  smallest  part  of 
to  its  smallest  part,  you  would 


Element,  Any  substance  that  cannot  be  separated  int< 
nuclear  disintegration.  It  is  made  up  of  only  one  typ< 
an  element  is  the  atom.  If  you  would  break  down  goli£ 
end  up  with  one  (1)  atom  of  gold, 

I 

Compound,  A  compound  is  a  substance  composed  o£  two  or  more  elements  chemically 
combined.    Water  is  a  combination  of  hydrogen  and/ oxygen  atoms. 


Mixture,    A  mixture  is  made  up  of  two  or  more  elements  NOT  chemically  combined. 
This  means  that  the  constituents  of  a  mixture  can  he  separated  by  machanical  means, 
A  mixture  of  iron  shavings  and  sand  could  be  separated  by  removing  the  iron  particles 
with  a  magnet. 
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Molecule.   The  smallest  part  of  a  compound  that  still  can  be  identified  as  that 
particular  compound.   One  molecule  of  water  (H20)  will  consist  of  2  atoms  of 
hydrogen  and  one  atom  of  oxygen.   If  you  reduce  this  molecule  any  further,  you 
would  have  the  elements,  hydrogen  and  oxygen. 

Stable  Atom.   An  atom  is  chemically  stable  if  its  valence  shell  is  completely  filled. 
An  atom  with  only  one  shell  will  be  stable  if  it  contain*  two^)  electrons  while  all 
other  valence  shells  require  eight  (8)  electrons  to  be  stable. 

y 

Unstable  Atom.   If  the  valence  shell  is  not  completely  filled,  the  atom  is  chemicaUy 
unstable.   An  atom  that  has  its  valence  shell  more  than  half  full  (5  or  more  elections) 
tends  to  take  on  additional  electrons  and  will  refuse  to  give  them  up.    If  the  valer  ce 
shell  is  less  than  half  full  (3  or  less  electrons)  the  atom  tends  to  give  up  electron,,. 
The  less  valence  electrons  there  are  in  the  valence  shell,  the  easier  it  is  to  free  them. 

Chemical  Combinations.    Two  unable  atoms  can  form  a  stable  compound  if  the 
valence  electrons  add  up  to  a  total  of  eight  (8).    Sodium  with  one  (1)  valence  electron ' 
.  and  chlorine  with  seven  (7)  valence  electrons  chemically  combine  to  make  the  com- 
pound Sodium  Chloride  (table  salt). 

Electrical  Characteristics.'  If  an  orbital  electron  is  removed  from  an  atom,  it  is 
called  a  free  electron.    The  valence  electrons  of  certain  metals  are  so  loosely  b>und 
to  the  nucleus  that  a  small  outside  force  can  move  the  electrons  from  the  atom.  Even 
the  small  amount  of  energy  created  by  room  temperature  can  cause  an  electron  to  be 
removed  from  tfce  atom  and  becW  a  free  electron.    This  free  electron  may  mo  >e  in 
any  direction  through  the  metal  in  search  of  a  positively  charged  atom. 

ELECTRIC  CURRENT.    If  the  movement  of  the  free  electrons  is  controlled  by  an 
external  force  we  have  an  electric  current.   Since  the  electron  has  a  negative  charge 
it  will  be  attracted  to  a  positive  charge.    Therefore,  if  we  place  a  positive  potential 
on  one  end  of  a  wire  and  a  negative  potential  on  the  other  end,  electrons  are  repelled 
by  the  negative  potential  and  attracted  to  the  positive  potential,  constituting  an  electric 
current.   Actually  the  electrons  do  not  move  from  one  end  of  the  wire  to  the  6ther  end, 
but  their  effects  move  through  a  chain  of  ionization.    Just  imagine  a  row  of  closely 
spaced  standing  dominoes.    If  the  first  one  falls,  all  of  them  will  fall;  therefore  the 
effect  of  falling  is  passed  from  the  first  domino  to  the  last  one. 

ELEMENTAL  CHARGE.    Now  that  we  know  that  free  electrons,  can  be  moved  from 
point  to  point  in  a  conducting  material,  there  must  be  a  unit  of  measurement.  The* 
charge  of  one  electron  is  called  one  (1)  negative  elements? charge.  The  charge  of  one 
proton  is  called  one  (1)  positive  elemental  charge. 

COULOMB.    The  elemental'charge  is  too  small  as  a  practical  unit  of  measure- 
ment.   The  coulomb  is  the,  unit  quantity,  or  unit /rharge.    It  takes  6,  280  million 
billion  elemental  charges  to  make  one  coulomb.    The  coulomb  does  not  specify  whether 
the  electrons  are  moving  or  static. 

ar 

Ampere  or  Rate  of  Current  Flow.    The  rate  at  which  water  flows  through  a  pipe  xray  be 
expressed  as  a  certain  number  of  gallons  per  second.    In  the  same  way,  a  curreut  of 
electricity  may  be  expressed  as  a  certain  quantity  of  charge  flowing  past  a  certain, 
point  in  one  second.    If  one  coulomb  of-electrons  flows  past  a  given  point  each  second, 
then  we  have  a  current  of  one  ampere.  i 
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Potential  Difference.   Just  as  there  must  be  pressure  to  cause  the  flow  of  water, 
there  must  be  pressure  to  cause  the  flow  of  electrons.    If  we  connect  a  wire  between 
a  point  with  an  excessive  number  of  electrons  and  another  poini  with  a  deficiency  of 
electrons  we  will  have  a  potential  difference  resulting  in  a  flow  of  electrons.  The 
greater  the  difference  in  the  number  of  electrons,  the  greater  the  electrical  pressure 
and  the  resulting  electron  flow. 

ELECTROMOTIVE  FORCE  (EMF).    When  two  boQies  have  unequal  charges,  a 
difference  of  .potential  exists  between  them*-    This  difference  of  potential  causes  an 
electron  current.    The  force  needed  to  move  the  electrons  is  called  electromotive 
force  (EMF). 

VOLT.    The  unit  of  measurement  for  EMF  is  the  volt.    When  the  EMF  of  a  battery 
is  mentioned,  it  is  referred  to  as  having  a  certain  number  of  volts.    The  same  is  true 
of  a  wall  plug  in  your  house.    When  we  measure  the  EMF  of  the  plug,  we  say  that  there 
are  110  volts  available.  ~ 


ELECTRICAL  RESISTANCE 


Introduction.    Since  an  electric  current  is  dependent  on  moving  electrons,  any  collision 
with  other  electrons  will  tend  to  oppose  the  flow  of  current.    In  other  words,  when 
electrons  are  forced  through  a  conducting  material,  there  is  a  certain  amount  of 
opposition.  \ 

Resistance.    The  opposition  to  the  flow  of  current  is  called  resistance.    The  amount 
of  resistance  depends  on  the  number  of  valence  electrons  that  can  be  detached  from  the 
atoms  and  become  free  electrons. 

INSULATOR.    An  atom  is  stable  if  its  valence  shell  contains  8  electrons.  Since 
this  atom  will  not  readily  give  up  any  of  its  electrons,  this  material  would  make  an 
excellent  electrical  insulator.    Sufi^tances  made  of  atoms  with  5  to  8  valence  electrons 
are  considered  insulators.    Since  it  would  be  easier  to  remove  an  electron  from  an 
atom  having  5  valence  electrons  than  from  one  having  6,  7  or  8,  the  quality  of  the 
insulating  material  depends  on  the  number  of  valence  electrons. 

CONDUCTOR.    Atoms  which  have  one  valence  electron  readily  give    up  this 
electron.    Substances  made  of  atoms  with  1  to  3  valence  electrons  are  considered 
to  be  conductors  of  electricity.    The  best  conductors  are  silver  and  copper  having 
only  one  valence  electron. 

SEMICONDUCTOR.    Atoms  which  have  4  valence  electrons  are  neither  good  con- 
ductors* nor  good  insulators.    Semiconductor  materials  are  used  in  solid  state  devices 
such  as  transistors  and  silicon  diodes. 

OHM/   The  unit  of  measurement  for  resistance  is  the  ohm.    We  have  1  ohm  of 
resistance  if  an  EMF  of  1  volt  produces  a  current  of  1  ampere. 

14-8' 


LENGTH  OF  CONDUCTOR,    The  longer  the  conducting  material,  the  higher  the 
resistance.    This  resistance  to  moving  electrons  depends  on  the  number  of  collisions 
with  other  electrons  and  atoms.    If  a  conductor  1  foot  long  has  a  resistance  of  5  ohms, 
then  a  conductor  2  feet  long  would  have  a  resistance  of  10  ohms. 

'    DIAMETER,  OF  CONDUCTOR.    If  the  cross-section  or  diameter  of  a  conductor  is 
increased,  the  resistance  of  the  conductor  decreases.   If  a  conductor  1  foot  Tong  and 
1/4  inch  in  diameter  has  a  resistance  of  10  ohms,  then  a  conductor  made  of  the  same 
material.  1  foot  long  but  1/2  inch  in  diameter  would  have  a  2.  5.  ohm  resistance.  The 
larger  the  cross -sectional  area,  the  larger  the  space  for  the  electrons  to  mcve  and, 
therefore,  there  will  be  less  collisions  which  reduces  the  resistance, 

TEMPERATURE.    The  temperature  of  a  conductor  will  affect  its  resistance. 
However,  this  type  of  resistance  is  of  no  importance  to  you  at  this  time,  therefore, 
we  will  not  discuss  it  in  detail. 

Effects  of  Current  Flow.    In  our  modern-day  life,  it  would  be  rather/difficult  to  get 
along  without  electricity.    Although  we  cannot  see  electricity,  its  effect*  can  be  felt 
and  seen-    You  will  be  primarily  concerned  with  the  effects  of  heat,  shock,  and 
magnetism;   therefore,  we  will  limit  our  discussion  to  these  areas. 

HEAT  EFFECT.    The  opposition  to  the  movement  of  electrons  within  a  material 
results  in  the  production  of  heat.    The  heat  produced  by  a  given  amount  of  current 
depends  on  the  resistance  of  the  conducting  material.    Since  there  is  more  opposition 
when.the  resistance  is  high  it  becomes  obvious  that  more  heat  is  produced  in  a  high 
resistive  material  than  in  one  having  a  low  resistance. 

FILAMENTS.    The  filaments  of  light  bulbs  are  usually  made  from  tungsten. 
Tungsten  has  two  valence  electrons  and  is  therefore  classified  as  a  conductor. 
However,  by  reducing  the  diameter  of  tungsten  wire^  its  resistance  becomes  relatively 
high.    With  the  proper  amount  of  current  the  filament  can  then  be  heated  to  a  whit3  hot 
condition  to  give  off  light. 

ELECTRICAL  FIRES.    Even  good  conductors  have  some  resistance/    If  the  current 
through  a  conductor  exceeds  the  maximum  value  for  which  it  was  designed  it  will  be- 
qome  red-hot  and  cause  an  electrical  fire.   ■  ' 

MAGNETIC  EFFECT.    When  current  flows  tnrough  a  wire,  a  circular  magnetic 
field  is  set  up  around  the  wire.    The  direction  and  strength  of  the  magnetic  field  is 
determined  by  the  direction  and  strength  of  the  current.    We  will  discuss  the  impor- 
tance of  this  magnetic  field  in  detail  in  a  later  lesson. 

SHOCK  EFFECT.    This  very  undesirable  effect  is  caused  by  the  passage  of 
current  through  the  body  or  a  portion  of  the  body.'  The  results  are  burns  and  a  para- 
lizing  effect  on  the  heart  and  chest  muscles.    A  current  of  only  a  small  fraction  of  an 
ampere  can  be  fatal. 
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ASSIGNMENT  SHEET  * 

v  • 

This  assignment  sheet  should  be  usedTwhen: 

^     You  are  to  complete  only  a  part  of  this  text. 

9     Your  assignment  within  this  text  is  .divided  into  two  or  mor<3 
reading  periods. 


Your  instructor  will  make  assignments  by 'identifying  specific  objectives 
text  material,  and  review  questions.  *  ' 


OBJECTIVES 
(by  No) 


ASSIGNMENTS 


TEXT  MATERIAL 
(by  page) 


REVIEW  QUESTIONS 
(by  No) 
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WORK,  POWER  AND  ENERGY 
(^CHANICAL) 

OBJECTIVES: 

1«    Define  potential  energy, 

2,  Define  kinetic  energy, 

3,  State  the  formula  for  work, 

4,  Solve  for  work  when  given  values  of  force  and  distance, 

5,  Define  mechanical  power 

6,  Define  mechanical  horsepower, 

7,  Solve  for  power  in  terms  of  horsepower  when  given  work  and  time. 


0 


SUGGESTED  READING  TIME  50  MINUTES 
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  "  . .  .  Page  1 

Formulae  for  Work,  Power  and  Energy 
PART  (A) 

1.  Work  =»  force  x  distance 

2.  Power  =  ^ 

time 

3.  Mechanical  power  =  I'?1*  ^  lbs') 

time 


4.    Mechanical  horsepower  =*  550  foot-pounds  per  second 


(o 


Page  2 
2k 

You  should  understandjby  now,  that  as  technicians,  we  make  a  point 
of  specifically  defining  all  terms  that  we  use.    This  is  very,  necessary, 
because  we  use  so  many  technical  terms  in  explaining  our  work.    With  a 
good  working  knowledge  of  such  terms  as  energy,  work,  power,  emf ,  current; 
and  resistance,  you  will  be  far  more  savvy  about  your  work*    Too,  you 
will  want  to  be  sure,  so  that  you  can  shoot  the  breeze  about  your  job. 
Knowing  exactly  what  certain  words  mean  helps  a  lot. 

You  often  hear  the  word  "energy".    But,  you  use  energy  far  more 
often  than  you  hear  the  word.    When  you  lift  something, you  use  energy. 
Every  tine  you  move,  you  use  energy. 

Energy  is  defined  by  Webster  as      "The  capacity  for  doing  work 
and  overcoming  resistance."' 

Is  a  rock  sitting  on  the  edge  of  a  cliff  a  source  of  energy? 
Yes, it  is.  page  6A 

No.it  isn't. 
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YOUR  ANSWER:    27  foot-pounds. 
No,  that  is  not  correct. 

The  correct  formula  for  solving    how  much  work  has  been  done  is 
this:    V/ork  =  force  x  distance. 
With  this  in  mind,  return  to  page  h-B  and  solve  for  the  correct  answer. 


u 


YOUR  ANSWER:    Kinetic  energy. 

Not  quite  right .  A  pendulum  does  possess  kinetic  energy,  but  only 
while  it  is  moving.  It  has  potential  energy  as  it  rests  momentarily  at 
tiie  end  of  its  swing. 

As  you  pull  the  bob  to  one  side,  you  are  storing  potential  energy 
by  lifting  the  bob  against  gravity.    As  the  bob  swings  downward  and  for- 
ward, the  potential  energy  becomes  kinetic.    The  kinetic  energy  released 
is  sufficient  to  carry  the  bob  upward  again  on  the  opposite  side,  trius 
storing  up  more  potential  energy. 


Refer  to  figures  1  and  2  below. 


Figure  1 
Potential 
or  stored 
energy. 


Figure  2 

c7 


As  the  pendulum  swings,  the 
"  potential  energy  becdnes 
f  9  kinetic  energy,  but  at  point 
"A"  the  kinetic  energy  is 
changed  back  to  potential 
energy.    As  it  swings  oack 
toward  point  nB,!,  the 
potential  energy  agaxn  be- 
comes kinetic  energy. 


Return  to  page  6k  and  select  the  correct  answer. 
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Page  k 


kA 

YOUR  ANSWER:    No,it  isn't.  * 

Wroftg.  •  A  rock  sitting  on  the  edge  of  a  cliff  would  have  what  we 
call  "energy  of  position,"    It  is  energy  waiting  to  happen,  or  it  is  a 
form  of  potential  energy.    Move  one  small  grain  of  sand,  and  the  rock 
would  start  tumbling  down  the  cliff,  perhaps  even  starting  an  avalanche. 

We  have  already  defined  energy  as  the  capacity  to  do  work.  Flowing 
water  has  energy  because  the  pull  of  gravity  has  given  it  velocity. 
Wind  is  a  similar  example.    Waves  and  tides,  too,  have  energy,  A 
motionless  body  has  the  capacity  to  do  work,*  all  we  have  to  do  is,  put 
it  in  motion,  or  give  it  velocity.  / 

In  our  example,  work  was  done  when  we  moved  the  grain  of  sand,  not 
very  much  perhaps,  but  enough  to  give  the  rock  velocity  as  it  tumbled 
down  the  cliff. 

Now,  return  to  page  2A  and  select  the  correct  answer. 


YOUR  ANSWER:    800  foot-pounds. 

Very  good.    Now,  let's  try  another  problem  of  the  same  type. 
A  man  is  required  to  lift  an  8l-pound  crate  onto  a  loading  dock, 
which  is  3  ft.  high.  How  much  work  did. this  man  do? 

27  foot-pounds  page  2B 

2^3  foot-pounds  page  11A 


gi  Pounds 
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YCUR  ANSWER:  Yes, 

Come,  come  now.    Our  definition  of  work  was  a  force  acting  through 
a  distance,    Tru^  you  exerted  a  force  on  the  bulkhead,  but  chances. are 
you  did  not  move  the  bulkhead  through  a  distance  or  space. 

Keep  this  in  mind:    To  do  work,  you  must  exert  a  force  on  an  object 
and  the  object  must  be  moved  a  distance. 

Now,  return  to  page  1QA  and  select  the  correct  answer. 


a 

YOUR  ANSWER:    50  foot-pdunds. 
Wrong, 

The  formula  for  work  is: 

Work  »  force  x  distance  or  in  short  form, 
W  *  f  x  d. 

You  must  have  divided  to  get  this  answer. 

Return  to  page  7A  and  solve  for  the  correct* 
answer. 
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6A 

YOUR  ANSWER:    Yes, it  is. 

Of  course  it  is.    This  type  of  energy  is  known  as  potential  energy, 
Just  as* we  have  potential  energy  in  an  automobile  battery,  the  energy 
is  stored  until  we  put  it  in  our 


car  and  hook  it  up. 

We  have  two  types  of  energy 
that  we  will  discuss  in  this 
lesson.    The  first  is  kinetic 
energy,  which  is  defined  as 
energy  in  motion,    For  instance, 
a  moving  automobil 
or  current  flow;  thfese  are  all  good 
examples  of  kinetic  energy.  The 
other  type  of  ener 


■O 

is  potential  energy,  which  is  defined  as  stored 
energy  or  energy  of  position.    Our  storage  battery  is  a  good  example 
of  stored  energy.    The  rock  on  the  edge  of  the  cliff  would  be  an  . 
example  of  energy  of  position. 

It  is  possible  to  change  potential  energy  to  kinetic  energy;  also, 
it  is  possible  to  change  kinetic  energy  to  potential  energy. 
A  pefidulum  would  be  a  source  of  what  type  of  energy? 


^Cinetic, 

Potential. 

Both  of  the  above. 


page  3A- 
page  8A 
page  1QA 
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YOUR  ANSWER:  No. 

Of  course  not.    The  definition  said  "a  force  acting  through  a 
distance."    If  you  moved  that  steel  bulkhead,  you  are  a  lot  stronger 
than  I  had  thought. 

Before  we  get  to  the  formula  for  solving  the  amount  of  work  done, 
let's  take  a  quick  look  at  the  word  "force".  Force  is  that  which  pro- 
duces or  tends  to  produce  motion. 

Note  that  work  and  force  are  quite  different. /Force  4.s  exerted 
whenever  a  body  is  pushed  or  pulled,  but    work       dohe  only  if  that 
body  moves. 

The  formula  for  solving  how  much  work  has  been  done  is  this: 

c) 

Work  «  fqacce  x  distance  and  is  expressed  in  foot-pounds. 
The  forcd  exerted  to  lift  an  object  is  exactly  equal  to  the 
weight  of  the  object.    For  example:    If  you  lifted  a  200-pound  weight, 
you  would*have  exerted  a  force  of  200  pounds  on  the  weight. 

Work  is  measured  in  foot-pounds,  because  we  are  multiplying 
together  two  different  quantities,  distance  (in  feet)  and  force  (in 
pounds).    Thus:    feet  (distance)  x  pounds  (force)  =*  foot-pounds. 

Now,  suppose  that  you  were  required  to  lift  a  200-pound  shell  to 
a  shelf  k  feet  high,  how  touch  work  would  you  have  to  do? 

800  foot-pounds.  page  kB 

50  foot-pounds.  page  5B 

I  don't  know.  page  9A 
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Page  8 
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YOUR  ANSWER:    Potential  energy. 

Yes,  this  is  true,  but  you  missed  half  the  picture.    The  pendulum 
possesses  potential  energy  only  as  long  as  you  are  holding  it  to  one 
side. 

We  have  defined  potential  energy  as  stored  energy,  or  energy  of 
position.    In  the  case  of  our  pendulum,,  when  you  pull  the  pendulum  bob 
to  one  side,  you  are  storing  potential  energy  by  lifting  the  bob 
against  the  pull  of  gravity.    As  the  bob  swings  downward  and  forward, 
the  potential  energy  becomes  kinetic.    The  kinetic  energy  released  is 
sufficient  to  carry  the  bob  upward  again  on  the  opposite  side,  thus 
storing  up  more  potential  energy. 

Refer  to  figures  1  and  2  below. 


Figure  1 
Potential 
or  stored 
energy. 
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As  the  pendulum  swings,  the 
potential  energy  becomes 
kinetic  energy,  but  at  point 
"A"  the  kinetic  energy  is 
changed  back  to  potential 
energy.    As  it  swings  back 
toward  point  "B",  the 
.potential  energy  again  be- 
comes kinetic  energy. 


Return  to  page  6A  and  select  the  more  correct  answer. 

m mk    m  mm 
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YOUR  ANSWER:    I  don't  know. 

My  answer,  to  your  answer,  why  not?    We  have  stated  the  formula  for 
doin^work.    Work  =  force  x  distance  and  the  product  is  expressed*  in 
foot-pounds . 

Now,  let's  take  a  look  at  our  problem.    You  were  asked,  how  nuch 
work  did  you  do,  when  you  lifted  a  200-pound  shell  to  a  shelf  k  feet 
high?    Substituting  these  values  into  our  formula  it  now  looks  like  this: 

Work  -  200  x  k;  in  other  -words,  you  exerted  a  200-pound  force 
through  a  distance  of  four  feet .    Now,  we  should  be  able  to  return  to 
page  7A  and  select  the  correct  answer.  u 

,f* 
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YOUR  ANSWER:    300  feet. 

.  Good.    Just  a  little  transposing  of  our  original  formula, 
Work  =  force  x  distance. 
Next  problem.    A  man  accomplishes  112,500  foot-pounds  of 'work  in 
moving  an  object  50  feet.    How  much  did  the  object  weigh?. 

'2250  pourids.  page  11B  ^ 

5,625,000  pounds.         x      page  12A 


U 
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10A 

YOUBf  ANSWER:    Both  the  above. 

Good  for  you.    You  can  understand  that  by  holding  the  pendulum  to 
one  side,  you  have  stored  potential  energy.    When  you  ^release  the  pen- 
dulum, starting  energy  tosnove,  you  have  energy  in  motion  or  kinetic 
energy.  4 

Energy  has  the  abilitylto.  do  work.    Energy  is  expended  when  work 

I 

is  done.  .  6 

So  far,  we  have  talked  about  the  two  types  of  energy.  -Kinetic 
energy,  or  energy  in  motion,  and  potential  energy,  or  energy  which  is 
stored  6r  at  rest. 

W§a  could  have  all  the  energy  in  the  world,  but  unless  it  accomplish- 
ed something  for  us,  it  would  be  of  little  value.    So,  in  electronics, 
we  use  the  potential  energy  of  a  battery  to  make  electrons  move.    This     I  , 
is  kinetic  energy,  and  with  this  type  of  kinetic  energy,  we  can  make  neon 

bulbs  light,  T.  V.  sets  operate,  and  radios  play.    We  iave  energy  doing 

"i  ■ 

work. 

This  brings  us  to  our  next  topic  for  discussion,  the  word  "ugh" 
work,  and  what  it  means  to  t£s"in  the  field  of  electronics. 

Work  is  defined  as  a  force  acting  through  a  distance. 

Now,  with  this  definition  firmly  affixed  in  your  .mind,  suppose  you 
pushed  against  a  steel  bulkhead  with  all  your  strength;  did  you  do 
work?  \  .  t 

Yes.  page  5A 


No,  page  7A 


Page  11 
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YOUR  ANSWER:    2^3  foot-pounds.  %  ...  - 

You  are  right. 

Now,  let's  give  him  a  little' more  difficult  job.    The  man  is  to 
move  a  pile  of  earth  weighing  750  pounds.    In  moving  this  pile  of  earth, 
the  man  did  225,000  foot-pounds  of  work.    Bow  far  did  the  man  move  the 
earth? 

300  feet*  page  9B 

168,750,000  feet.         page  13A 
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YOUR  ANSWER:    2250  pounds. 

Correct.    We  are  getting  along  just  fine. 

Suppose  you  were  required  to  move  30  chairs,  which  weigh     11  pounds 
each,  and  a  desk  weighing  37  pounds  to  the  next  classroom,  which  is  1*6 
feet  away,    ifow  much  work  would  you  have  to  do? 

15,180  foot-pounds.        page  12B 
1,702  foot-pounds.         page  Ikk 

16,882  foot-pounds.        page  l6A 


sir0* 


1 6  '& 


Page/12 


121 


YOUR  ANSWER:    5,625,000  ^gounds. 
Not  quite. 

Our  formula  for  work  is:    Work  =  force  x  distance.    In  our  case,  we 
vere  given  the  amount  of  work  accomplished  and  the  distance  the  object 
was  moved.    It  would  look  like  this:  '  * ■  , 

112,500^ork)  =  force  x  50  (distance) 
We  must  get  the  "force"  to  stand  alone  in  our  formula.    So  we 
divide  both  sides  by  the  jiistance  {$0).  Thus: 


agjoo  „  t  orce  x  a 

50  xorce4x  ^Q 


V 


TIP  ^Of} 

The  50 !s  on  the  right  cancel  and  we  end  up  with — — -  a'  force. 
Now,  return  to  page  9B  and  solve  for  the  correct  answer. 


12B 

YOUR  ANSWER:    15,130  foot-pounds. 

You  are  correct.    As  far  as  you  have  gone.    But  you  forgot  to  take 
the  desk  into  consideration. 

So  return  to  page'  11B  and  solve  for  the  correct  answer.  Don't 
forget  the  desk. 


ERLC 
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Page  13 


13A. 

YOUR  ANSWER:    168,750,000  feet. 

oooOOP's.,,       '  %   .  " 
•It  looks  like  you  made  an  error  in  your  transposition  of  the 

0 

original  work  formula. 

To  solve  for  work, we  use  the  formula :- 

Work  »  force  x  distiance.  - 
In  our  case/tie  were  given  the  amount  of  work  accomplished   and  the 
force  exerted  to  move  the  pile  of  earth.    So  it  would  look  like  this: 
225,000  (work)  =  750  (force)  x  distance. 

We  must  get  the  distance  to  stand  alone  in  the  formula,  so  we 
divide  both  sides  of  the  formula  by  750 j  Thus: 

.  .  2|  x  distance  » 

The  750ls  on  the  right  side  cancel  out  and  we  end  up  with 

— =  distance. 
Now,  return  to  page  11A.  and  solve  for  the  correct  answer. 


13B 

YOUR  ANSWER:    36,000  foot-pounds  per  second. 

No.  v 

Your  formula  selection  was  very  poor,  or  you  did  not  check  the 

formula  p^ge. 

The  formula  for  power  again  is: 

wor  k 

Power  =  tiSe  not  Power  3  Work  x  time. 
New,  return  to  page  17A  and  solve  for  the  correct  answer. 


16  = 


Page  Ik  .  .     .  .  ^  — ^  ^ .      .  . 

- 

YOUR  ANSWER :    1, 702  foot-pounds . 


Partially  correct.    You  solved  for  the  amount  of  work  required  to 


Again  you  are  a  little  confused.    We  defined  power  as  the  time 


rate  for  doing  work.  j[ 

We  could,  for  example,  pull  a  2000-pound  object  a  distance  of  20 
feet,  which  would  be  2000  x  20  or  1*0,000  foot-pounds  of  workj  in  other 
words,  you  accomplished  40,000  foot-pounds  of  work.    But,  if  we  never 
considered  the  time  it  took  to  pull  this  2000-pound  object  through  a 
distance  of  20  feet,  we  would  never  know  how  much  power  we  used. 

Now,  return  to  page  l6k  and  select  the  correct  answer. 


ERIC 


15ft 

YOUR  ANSWER:    Less  than. 

Come  now,  how  in  the  world  did  you  ever  become  this  confused?  I 
can  understand  how  you  might  have  said  that  the  work  done  by  the  steam 
shovel  is  greater  than  that  done  by  the  man,  but  not  less  than. 

Let's  look  at  our  problem  again:    To  raise  1000  pounds  of  earth 
to  a  height  of  20  feet.  ' 

Work  =  force  x  distance  =  1,000  x  20  =  20,000  foot-pounds. 

So  you  see  both  the  steam  shovel  and  the  man  did  the  same  amount 
of  work,  the  only  difference  being  that  the  steam' shovel  did  this  work 
much  faster,  and  when  we  take  the  time  factor  into  consideration,  we 
are  talking  about  power. 

Let's  return  to  page  ISA  and  reconsider  our  answer. 


15B 

YOUR  ANSWER:  .  1,780,200  foot-pounds  per  secgnd. 
Not  even  a  good  guess. 

The  formula  for  power  is:    Power  =  vork 

time 

You  solved  for  work  correctly,  but  you  forgot  to  consider  tine, 
which  is  an  important  factor  when  solving  for  power. 

•  Return  to  page  19A  and  solve  for  the  correct  answer*  Don't  for- 
get  the  time. 


1 6G> 


Page  16 


16A  C 
YOUR  ANSWER :    26, 882  foot-pounds . 
Very  good. 

The  amount  of  work, then, is  equal  to  the  amount  of  force  exerted  on 
an  object  times  the  distance  the  object  moved.  ' 

While  it  might  be  a  Qice  thing  to  know  how  much  work  is  to  be  done, 
it  is  of  more  interest  to  people  as  to  HOW  FAST  the  work  will  be 
accomplished.    This  brings  in  the  element  of  TIME.    One  man  might  build 
a  house  in  two  months  and  another  man  build  the  same  type  of  house  in  one 
year.    Both  have  done  the  same  amount  of  WORK,  but  which  one  would  you 
hire?    In  electronics,  we  are  always  concerned  with  how  much  time  it 
took  to  do  a  certain •  amount  of  work.    The  tim§  rate  for  doing  work  is 
called  POWER.    Power, then, is : 

The  amount  of  work  accomplished,  page  IkB 
The  rate  of  doing  work .  1    jage  18A 


l6g 

YOUR  ANSWER:    56OO  horsepower. 

You  are  correct,  as  far  as  you  have  gone.    You  solved  for  power, 
but  completely  forgot  to  divide  by  the  numbejr  of  foot-pounds  per 

second  in  one  horsepower  (550). 

foot-pounds  per  second  i__ 
Horsepower  =  * — *  a ;  nP* 

Now,  return  to  page  23A  and  solve  for  the  correct  answer. 


Page  17 

> 

Ilk  ) 

YOUR  ANSWER:    Equal  to. 

\  Right.  They  both  moved  the  same  amount  qjf  earth  the  same  distance, 

so  thK^ork  done  was  e(lual- 

The  formula  for  power  once  more  is  this: 

n         .  work 
Power  *  -rz — 
time 

With  the  formula  firmly  in  your  mind,  try  this  problem. 

a  cteam  shovel  raised  5000  pounds  of  earth  to  a  height  of  12  feet  ^ 

.  i 

in  6  seconds.    How  much  power  did  the  steam  shovel  use? 

j 

36,000  foot-pounds  per  second.           page  13B 

\ 

\ 
I 

10,000  foot-pounds  per  second.            page  19A 

 — —  ~T> — — ~~ 

125                                                          •  it 

j 

vniiR  ANSWER •      22  500  ft. -lbs"  per  sec. 

My  goodness,  no. 

Remember  that  mechanical  power  is  measured  in  foot-pounds  per  sec- 

ond (as  we  have  covered  it).    You  solved  for  power  by  dividing  by  minutes. 

Return  to  page  19B  and  try  again.                  ^  J 



) 

1 

r 
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Page  18 


ISA 

YOUR  ANSWER:    The  rate  of  doing  work. 

^Exactly.    You  have  learned  that  the  amount  of  work  done  has  nothing 
to 'do  with  the  time  it  takes  to  do  the  work*    But    the  amount  of  power 
depends  on  how  fact  that  work  can  be  done.    The  formula  for  work  done 
again  is: 

Work  =  force  x  distance. 

Now,  let's  look  at  th^^ormula  for  power,  which  is: 

r»  work  . 

Power  =  —   '  • 
time 

We  both  know  that  a  steam  shovel  has  a  great  deal  more  power  than 
a  man.    Both  can  do  the  same  amount  of  work,  but  the  steam  shovel  will 
do  it  a  lot  faster.    For  example,  say  that  1000  pounds  of  earth  must 
be  raised  20  feet.    The  work  is: 

Work  =  force  x  distance  =  1000  x  20  =  20,000  foot-pounds. 

The  steam  shovel  does  the  job  in  one  scoop,  taking  two  seconds. 
The  man  does  the  job  in  twenty  minutes  (1200  seconds). 


The  steam  shovel  has: 
work 


Power  = 


time 


20^000  _  ]_o,000  foot-pounds  per  second  power. 


The  man  has: 

work 


Power  = 


time  =  ^1200°  =  *&*7  foot-pounds  per  second  power- 


The  work  done  by  the  steam  shovel  is. 
done  by  the  man. 

Less  than 
Equal  to 
Greater  than 


page  15A 
page  17A 
page  20A 


that 


123 
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i9A  ■  ; 

YOUR  ANSWER:     10,000  foot-pounds  per  second.  .  Good. 
Let's  look  at  another  one. 

An  elevator  in  the  Empire  State  Building  makes  the  ascent  to  the 
80th  flaor  in  50  seconds.    If  the  height  is  989  feet,  what  power  wouli 
be  required  in  order  to  lift  12  persons  averaging  150  pounds  each  to 
this  floor?  1,780,200  foot-pounds  per  second,       page  15B 

35,604  foot-pounds  per  second.       page  21A 


19B  r  - 

YOUR  ANSWER:      10  horsepower.         Good,  You  are  still  with  me. 

An  elevator  in  a  garage  can  raise  an  automobile  weighing  1500 
pounds  to  a  height  of  30  feet  in  2  minutes.    What  power  is  used? 

375  ft. -lbs.  per  sec.      page  20B 
22,500  ft. -lbs.  per  sec.      page  17B 
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Page  20 


2QA 

YOUR  ANSWER:     Greater  than. 

Maybe  you  didn't  under stand  the  question.    So,  let's  start  over 
again.    Out  problem  was  to  raise  1000  pounds  of  earth  20  feet.  The 
steam  shovel  accomplished  this  amount  of  work: 

Work  =  force  x  distance  =  1000  x  20  =  20,000  foot-pounds. 

The  man  accomplished  this  amount  of  work: 

Work  =  force  x  distance  =  1000  x  20  =  20,000  foot-pounds. 

The  only  difference    between  theSrork  of  the  steam  shovel  and  that 
of  the  man    is  the  time  factor,  and  when  we  consider  the  time  rate  of 
work,  we  are  then  talking  about  power. 

Return  to  page  i8A  and  select  the  correct  answer. 


20B 

YOUR  ANSWER:    375  foot-pounds  per  second. 
Right  you  are. 

Power,  whether  electrical  or  mechanical,  pertains  to  the  rate  at 
which  work  is  being  done.    Work  is  done  whenever  a  force  causes  motion. 
If  a  mecnanical  force  is  used  to  lift  or  move  a  weight,  work  is  done. 
However,  force  exerted  without  causing  motion  does  not  do  work. 

Would  a  spring  compressed  between  two  fixed  objects  be  doing  work? 


Yes.  page  23B 

No.  page  22ft. 
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Page  21 


23A 

YOUR  ANSWER:    35,6Qk  foot-pounds  per  second. 
Right.  .  * 

This  is  a  mechanical  power,  and  as  we  have  seen,  it  is  measured 
in  foot-pounds  per  second,  which  is  too  small  for  practical  use*  In 
the  early  days,  power  was  generally  supplied  by  horses,  and  experiments 
indicated  that  an  average  horse  could  do  550  foot-pounds  of  work  per 
second*    This  led  to  the  establishment  of  a  larger  unit  of  measurement^ 
you  guessed  it,  the  horse-power  (bp). 

1  hp  «  550  foot-pounds  per  second* 

To  solve  for  horsepower,  we  must  first  solve  the  amount  of  power 
in  foot-pounds  per  second,  then  divide  by  550  foot-pounds  per  secondj 
the  number  of  foot-pounds  per  second  is  one  horsepower*    For  example, 
suppose  we  had  an  electric  motor  that  could  move  a  2200-pound  object  2 
feet  in  k  seconds*    Our  solution  would  look  like  this: 

First,  work  =*  force  x  distance  =  2200  x  2  a  1^00  ft. -lbs. 

work  kliOO 

Second,  power  -  »  --^j-  *  1100  ft  .-lbs,  per  second. 

.  _    ,  foot-pounds  per  second   1100     0  . 

Third,  horsepower  ■  ^Q  ^atmV£aaa  ^  secona(l  hp)  "  ~550  "  2  hp' 

Now,  consider  this  problem. 

An  elevator  with  6  passengers  weighs  IkOO  pounds.    How  much 
horsepower  would  be  required  to  raise  the  elevator  k  feet  per  second? 
ANSWER  to  the  nearest  whole  horsepower* 

10  horsepower,  page  19B 

5600  horsepower.  page  l6B 


ill  .. 


Page  22 


22A 

YOUR  ANSWER:  No. 
Quite  right. 

We  have  pretty  well  covered  mechanical  work,  power,  and  energy. 
Before  we  go  on  to  electrical  power,  let  us  review  mechanical  power 
and  see  just  how  much  we  have  learned, 

1.    The  capacity- to  do  work  or  overcome  resistance  is  " 

a  definition  of 

energy 

2,-    We  said  that  enerr*v  in  motion  is                   pnprfrv  1 

j»    jiiiiergy  wjao  xs  soorea.  or  energy  oi  position  is 

energy. 

potential 

k.    There  are  two  types  of  energy)  list  them, 
(a)  "(b) 

potential 
kinetic 

5.    Energy  is  that  which  has  the  capacity  to  do  work 
or  overcome  resistance.    That  which  produces  or 
tends  to  produce  motion  is  a  definition  of 

force 

6.  'A  force  acting  through  a  distance  is  the 
definition  of  . 

work 

-  i 

/7*    Work  is  equal  to  the  product  of  a  force  acting 

through  a                   •  . 

distance 

6.    The  formula  for  solving  how  much  work  we  have  , 
done  is:    Work  =*  x 

3 


Continue  on  page  23A 
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23A 

force 
distance 

9.    We  found  that  a  s^eara  shovel  and  a  man  could  do  the  same 
amount  of  work.    The  steam  shovel  is  much  faster,  how- 
ever.   When  we  consider  the  time  rate  for  doing  work,  we 

at*  -hAllHngr  ahmrh     —   T 

— p  

power 

Lu .      i.ne  time  ira/ce  ior  CLOimr  vorK  is  a.  aeiiniLion  ni 

pox/er 

U.    Power  is  equal  to  divided  "by 

work  -:-  time 

12,    We  found  that  power  is  measured  in  foot-pounds  per 

senonn1  and  a  lavge-r  unit  of  mpaRnrpmpntj  f.ho 

horsepower 

I3r     On*  hnrsppnwr  is  *qua"l   t.n             n               foot-pounds  p=»-r 

second. 

550 

14.    Power  is  the  time  rate  for  doing  work.    The  forpul*  for 
mechanical  power  is:     Pot/err  sa 
divided  by 

work  *  time. 

THE  END 

-  & 

23B 

YOUR  ANSWER:  Yes. 

%o.  \ 

A  spring  compressed  between  two  fixed  objects  would  be  exerting  a 
force  on  the  objects.    But    chances  are  the  spring  is  not  moving  the  ? 
objects,  and  the  force  must  cause  motion,  before  work  can  be  done. 

174 


Page  2U 


« 

REVIEW  TEST  FOR  WORK,  POWER, AND  ENERGY 

o 

^  Me  cnano.  cell  y 

1. 

2. 

Wr-ite  the  definition  of  kinetic  enercnr.  ' 

o 

k. 

How  many  foot-pounds  of  work  are  accomplished  when  lifting  a  75-lh. 

■h^o^etnH-K-KoT  nntn  a  shnp  hennh  ^Xfeet  hip;h?  ft.*-lbs. 

5. 

 !  v  — — : — 

Manhftninftl    pnuPr   is  e<pftl  to              \                  divided  by 

•  6. 

nn<»  mja^ViAninal  horsepower  is  eaual  to                ft.— lbs.  ver  second.  I 

77~ifc>K  much  mechanical  power  is  required  for  an  elevator  to  lift  a 
20, 000 -pound  aircraft  10  feet  in  50  seconds? 
a.                          foot-pounds  ner  second. 

V*  hnrfippnwr. 

  '  -  \  .  ■                         ^  1 

8. 

A  certain ^fengine  can  move  an  1100-pound  object  2  feet  in  2  seconds/.  1 
WViat  1q  tha  hnrs^upr  nf  this  ©marine?  horsepower/ 

9. 

Write  the  definition  for  Dower.  '/• 

ATC  E&t  Printing  Co.,  Austin,  Texas  6-4-69  S,400 
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,  ASSIGNMENT  SHEET 

This  assignment  sheet  should' be  used  when: 

^     You  are  to  complete  only  a  part  of  this  text. 

^     Y.our  assignment  within  this  text  is  divided  into  two  or  more 
reading  periods. 


Your  instructor  will  make  assignments  by  identifying  specific  objectives, 
text  material,  and  review  questions.' 
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OBJECTIVES 
(by  No) 
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REVIEW  QUESTIONS 
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ELEMENTS  OF  ELECTRICAL  PHYSICS 

OBJECTIVES: 

1.  Define  matter. 

2.  Define  molecule. 

3.  Define  an  atom. 

4.  Define  an  element. 

5.  Define  a  compound. 

4 

6.  identify  the  4  main  parts  of  the  atom  and  indicate  the  charge 
of  each. 

7.  Calculate  the  atomic  number  of  an  atom  when  given  specific 
conditions.  .        «;  » 

8.  Figure  a  net  charge    given  specified  conditions. 

9.  Define  valence  electrons. 

10.  Describe  electrical  balance. 

11.  Describe  the  effects  of  electron  excess  and  deficiency. 

12.  State  the  unit  of  electrical  charge.  * 
1?.  Define  an  ion. 


SUGGESTED  READING  TIME  85  MINUTES 
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This  lesson  is  on  electrical  physics.    The  arterial  taught  in  this 
programed  lesson  is  essential  ^material  only.    If  you  want  to  go  deeper  into| 
the  subjects  taught  and  broaden  your  knowledge,  you  can  do  so  on  your  own. 


USE  A  FOLDED  SHEET  Cf  PAPER  TO  COVER  THE  ANSWER. 


(Matter) 


'Matter) 


1.  .All  things  which  have  weight  and  occupy  space 
matter. 


are 


The  pencil  or  pen  you  are  writing  with  is  claasilied 




|2.    All  things  which  have  weight  and  occupy  space 


are 


J  3-    A  pencil  or  pen  has. 
so  it  is  matter. 


.and  occupies. 


Weight) 
Space) 


(Molecule) 


6.    A  drop  of  water  is  natter  because  it  also  has 

■  and  aceupjg* 


|  U.    The  smallest  particle  of  airy  matter  which  has  the 
properties  of  that  matter  is  called  a  molecule. 

The  smallest  bit  of  glass  that  can  he  identified  as 
glws    is  a  glass 


5.    A  water  molecule  is  the. 


can  be  identified  as  water. 


bit  of  watfer'thivt 


Molecules  are  made  of  atoms. 

This  picture  shows  a  water 
molecule  with  3  atoms. 

This  molecule  has  2  hydrogen 
atoms  and  1  oxygen 


Continue  on 


ISO 
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YOUR  ANSWER:    The  smallest  particle  to  which  matter  can.be  broken  down 
| (From  P-7)     j  is  the  molecule. 

Wrong.  .You  have  been  working  with  the  basic  building  block  of  matter, 
lit  had  electrons  orbiting  around  a' nucleus.     I'm  sure  you  recall  now,  that 
the  atolls  the  smallest  particle  to  which'  matter  can  be  broken  down.  But 

I  9 

Jbefore  we  go  any  further,  let ' s  get  straight  what  a  molecule  is. 

Atoms  combine  to  make  molecules.     For  example,  a  molecule  of  water  is 
Imade  up  of  2  atoms  of  hydrogen  and  1  atom  of  oxygen. 


OXYGEN 
ATOM  - 


HYDROGEN 
ATOM 


f 


\ 


HYDROGEN 
"  ATOM 


After,  thinking  this  over,  go  on  to  Page  J+B  and  continue'. 
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IyOUR  ANSWER:    Shoes,  ships,  and  sealing  wax,  but  not  cabbages 
1  (Fiom  P-kB)     and  kings. 

You  are  incorrect. 

Sometimes  the  word  matter  is -used  to  mean  simple  substances  or  things 
Ithat  ore  not  alive.    But,  in  scientific  usage,  live  things,  animals  and  vege- 
■tables,  as  well  as  inanimate  things  such  as  shoes,  ships,  and  sealing  wax, 
■are  all  forms  of  matter. 

J^QWg^j^eturajto  Page  UB  and  select  the  correct  ans^r. 


ISi 


Pa«e  3 


1 (Atom)  , 

8.    Matter  made  up  of  only  one  kind  of  atom  is  an  element. 

WAa  *a  natter  unii  is  mde  up  or  only  one  kind  of 
atom,  so  sold  is  a/an 

I (Element) 

9.    A  molecule  of  gold  has  only  one  kind  of  • 

I  (  Atom) 

10.    A  moleculp'is  composed  of  two  or  n»r© 

■(Atoms) 

11.    Oxygen  is  a  gas  that  is  composed  of  only  one  kind  of 
atom. 

Oxygen  is  classified  as  a/an 

(molecule,, element,  atom] 

l(Elewnt) 

j-c.    wnen  &vo  or  more  atoms  of  oxygfn  combine j 
of  oxygen  is  formed. 

1   ■   i   a 

|( Molecule) 

aj«     M11  exeznent  is  composed,  ar  nnl_v 
one4kind. 

■  (Atoms) 

14.    Two  or  more  atoms  combine  to  make  a/an 

|(  Molecule) 

j.?.    wcter  consisting  or  only  one  kind  of  atom  is  a/an 

|( Element) 

16.    The  smallest  part  of  an  element  is  a/an 

If  At  cm) 

if.    xvo  atoms  of  oxygen  combine  to  form  a/*n 
of  oxygen. 

|(  Molecule) 

18.    When  two  or  more  elements  chemically  combine  (a  new 
substance  is  formed),  a  compound  is  produced/ 

ffiicu  biie  uwo  exemenxa,  oxygen  ana  nyarogen,  chemiQaj.ly 
combine,  a/an               V/           is  produced. 

|(  Compound) 
1 

19.    Water  is  a  compound. 

Water  is  composed  ot  two  different  ^ 

Continue  on  Page  5 


V.' 


Iycor  ANSWER:    No,  this  stretches  the  definition  too  far 
J(Fraa  P-6B) 

Actually,  the  statement  that  air  Is  Matter  doesn't  stretch  the 
Ideflnitlon  In  the  least.    Gases,  such" as  those  In  air,  are  matter  just  as 
■much  <ws  shoes  and  ships  and  kings. 

Romaic,  you  don't  notice  that  air  Is  around  you.    In  the  same  way,  a 
|fiah,  If  it  could  reason,  probacy  would  have  difficulty  In  recognizing 
Ithat  water  is  matter.    But,  If  you  took  the  fish  out  of  water,  It  would 
■know  that  something  is  missing. 

When  you  get  up  very  high  In  an  airplane,  you  need  a  supply  of  oxygen, 
Ibecauee  the  higher  up  you  get,  the  less  air  there  is  for  you  to  breathe. 
Jsbmetling  is  missing. 

« 

Now,  jeturn  to  Page  6B  and  select  the  correct  answer. 


rpJ™:    ^l8^8*  f3^1016  to:wMch  ******  can  broken 
(From  P-7)      dovn  is  the  atom.* 

Correct.    Atoms  are  the  basic  building  blocks  of  all  «tter. 
Pram  "Alice  in  Wonderland"  comes  the  quotation: 
"The  time  has  come,  the  Walrus  said, 
To  talk  of  many  things^; 
Of  shoes  and  ships  *r<i  sealing  wax, 
.  Of  cabbages  and  kings," 

Which  of  the  things  mentioned^  the  verse  would  you  classify  as  matter?] 

*       ^£oes,  ships,  and  sealing 
wax,  but  not  cabbages  and 

kinga-  Turn  to  Page  2B 


All  of  them. 


Turn  to  Page  6B 
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Page  5 


(Element a) 

20.    A  molecule  of  water  has  3  atoms  chemically  com*' ieds 
2  hydrogen                and  A  o*yffen 

(Atoms) 
(Atoms) 

c 

.21.    Two  elements  chemically  combine  to  form  a/an 

(Compound) 

22.    Two  or  more  atoms  combine  to  form  a/an 

(Molecule) 

23.    A  compound  ia  formed  when  two  or  mm 
chemically /combine  • 

(Elements) 

2U.    A  molecule  is  made  ud  of  two  or 

( Atoms  f  KS 

Tbk  smallest  part  of  an  elenent  is  a/an 

(Atom) 

26.  .  Matter  that  ia>  composed  of  only  one  kind  of  ato*  is 
a/an 

( Element X 

 7  ^  :  —  :  1  

27.    Matter  that  is  composed  of  atoms  of  two  or  more 
elements  chemically  combined  ia  a/an 

(Compound) 

28.    Matter  ia  all  thlnaa  that- have  ™,i 
occuw 

(Weight) 
(Space) 

y 

29  •    A  molecule  of  an  element  contains,  two  or  mre  a  +.nm«  n-r 

 kinds. 

(the  same,  different)  CV 

(The  same) 

30,    A  molecule  of  a  canroound  enntAi  n»  tun  nv*  mm*,  .t nMa 

of—  :   s  kinda, 

(the  same,  different) 

0 

(Different) 

g 

31.    Sugar  is  a  compound  composed  of  three  elements  carbon, 
hydrogen,  and  oxygen. 

0    The  smallest  particle  of  siurar  is  a/an 
of  sugar. 

* 

Continue  on  Page,  7. 
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Page  6  p 
6a 

YCUR  AHSV'fiR:  Compounds  do  retain  the  chemical  characteristics 

(From'P-8)  of  the  elements  which  are  combined  to  produce  them. 

No,  no*    Give  £t  some  thought.    We  spoke  of  water  as  being  a  compound 

consisting  of  oxygen  and  hydrogen.  c  Oxygen  and  fij^drogen  are  both  gases  in 

the i r  normal  state,  whereas i .  Hater  is  a  liouid. 

Oxygen  will  support  combustion  and  hydrogen  will  bum  with  a  hot  flame. 

r 

What  will  water  do  to  a  fire?    We  can,  breathe  oxygen,  but  can  we'bireathe 


water? 


Nov:  return  to  Page  8    and  select  the  correct  answer. 


/ 


6b_  »»,.„' 

YOUR  ANSWER:    All  of  them. 
(Prom  P-4B) 

You  are  correct.  \ 

A7JL  things  which  have  weight  and  occupy  ,space  are  matter. 
Can  you  decide  .whether  the  air  we  breathe  itr  matter  according  to  the 
above  definition? 


No,  this  stretches  the  definition 
too  far. 

Yea  J  air  is  matter* 

Doesn't  possess  weight,  so 
it  can't  be  matter . 


Page  kA 
Page  8 

Page  1QA 


.to 

I 

S 
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(Molecul*) 


(Ate) 


*P»ge  7 

32.    The  smalleat  particle  of  any  of  the  three  elements 
In  »ugar  la  a/an  of  that  element  


33*    The  smallest  particle  of  a  compound  la  a/a 
of  that  compound. 


(Molecule) 


3"*.   A  molecule  la  to  a  compound  aa  a/i 
to  an  element. 


.la 


(Atom) 


35.    An  element  la  to  a  compound  aa  an  atom  la  to  a/i 


an 


(Molecule)   36.    Scientists  have  Identified  more  than  100  different 

~  T        elements.    About  92  of  these  are  found  In  nature;  ten 

or  more  can  he  produced  In  an  atomic  pile.    With  nuclear  energy,  we  cap 
change  many  elements  to  others  —  even  lead  to  gold.    The  only  trouble  la 
that  It  costs  more  to  make  gold  this  way  than  It  does  to  mine  It  from  the 
earth! 


Chemistry,  which  la  concerned  mainly  with  now  elements  are  combined  in 
compounds,  wae.  a  well-developed  science  when  ita  close  relationship  to 
electronics  vas  discovered.    Many  of  the  basic  terms  in  electronics  come 
from  chemistry.  \ 

In  electronics, we  are  concerned  with  the.  characteristics  of  the  atoms, 
that  make  up  the  components  in  our  electronic  equipment.    Why  do  some 
materials  such  as  copper,  silver,  and  gold  make  good  conductors  of  elec- 
tricity and  other  materials  very^poor  conductors?    This  question  is  Just 
one  of  the  reasons  you  are  starting  out  electronics  with  a  basic  phyrics 
lesson.  <j  / 

The  smallest  particle  to  which  matter  can  be  broken  down4  is  the 


If  you  choose  molecule .turn  to  rage  2A 
If  you  choose  atom /turn  to  PageUB. 
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a. 


YCUR  ANSWER:    Air  is  matter. 
(Prom  P-6B) 

Absolutely.    Air  can  be  weighed  by  compressing  it  in  a  tank  such  as  skin 
divers  use.    Simply  weigh  the  tank  before  and  after  filling  it  and  you  find 
that  as  uore  air  is  pushed  into  the  tank,  the  more  it  will  weigh.    Air  ia1 
mBtter. 

Matter  exists  in  three  states,  solid,  liquid,  and  gaseous.    All  matter  is 
made  up  of  tiny  particles  called  molecules.    Molecules,  when  broken  down  into 
their  smallest  tarts,  are  found  to  be  composed  of  one  or  more  kinds  of  atoms." 


*  <  o  P.  0 
i  nun  i 

I  I  I  Ml  Mill  U  1 1| 

:l  tMIMMIHIIIIIMMMI 

ifiiiHiaiiHiiiliiiMiiiiiiii  mii  urn  i 


►i  i  ® ;  - 

MAHER  *  MOLECULE  ATOMS 

A  substance  which  contains  atoms  of  only  one  kind  is  called  an  element. 

Oxygen,  hydrSgerL  copper,  gold,  silver,  iron,  sulfur,  aluminum,  carbon  and 
uranium  are  some  of  the  elements  known  to  jasm. 

By  chemical  action, we  Can  combine  elements  to  form  completely  new  sub- 
stances called    compounds.*  Water  is  a  compound.    Water  is  composed  of  the 
elements  hydrogen  and  oxygen, which  are  both  gases  in  their  normal  state.  Rust 
%s  another  compound.    It  is  produced  when  iron  and  oxygen  combine. 

Compounds  ,  retain  the  chemical  characteristics  of  the  element^ 

which  are  combined  to  produce  them. 


Do 

Do  not 


Page  6A 
Page  1QB 


1.    Halter  is  all  things  that  have. 


.and 


(Weight  fc 
occupy  space) 


2.    The  smallest  hit  of  glass  that  can  he  Identified  as 
glass  is  a  glass  inolecule. 


(Surliest) 


(Molecule) 


A  water  molecule  is  the 

that  can  he  identified  as  water. 


.hit  of  water 


3.    A  drop  of  water  can  he  continuously  divided  into 
smaller  and  smaller  parts  until  the  smallest 
identifiahle  l>it  of  water  left      a  water  


k.    tyolecules  are  made  of  atoms. 

This  picture  shows  a  water  molecule 
with  3  atoms. 

This  molecule  has  2  hydrogen  atoms 

and  1  nvygr-n 


(Atom) 


5.    Atoms  have  two  parts ,  a  nucJpus  and  one  or  more 
electrons.  / 

These  parts  make  up  an  atom,  jist  as  atoms  make 
up  a  


(Molecule) 


6.    In  the"  center  of  an  atom  is  the  nucleus  (pronounced. 
NEW-klee-us).  /  '  >s 


The  arrow  points  to  the. 


(Nucleus ) 


7.    A  molecule  Is  made  ox 


(Atoms) 


(Element) 


8.    Matter  composed  of  only  one  type  of  atom  is 
an/a  .  |  . 


9.    Matter  composed  of  two  or  more  different  atoms 
chemically  combined  is  a/an  ..   


Continue  on  Page  11. 
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Page 

llQA 


YCUR  ANSWER:    Air  doesnft  possess  weight,  so  it  can't  be  natter. 
|(PromP-6B) 

You  are  incorrect. 

Air  does  have  weight,  and  it -can  he  weighed.    The  barometer,  besides 
Iheinc  used  by  weather  forecasters,  can  be  used  to  neasure  altitude  by 
[measuring  the  weight  of  air. 

The  earth  is  surrounded  by  a  layer  of  air  nnny  miles  deep.    On  a 
I  mountain,  there  is  less  air  above  you  to  be  weighed  than  is  above  you^when 
I you  are  at  the  seashore.    This  difference  in  the  amount  of  air  can  be 
weighed  by  a  baroprter.    From  that  measure,  it  is  also  .possible  to  estate 
I  your  altitude. 

Now,  return  to  Page  6B  and  select  the  correct  answer. 


llOB 


YCUR  ANSWER;  Compounds  do  not  retain  the  chemical  characteristics 
(From  P-8)       of  the  elements  which  are  combined  to  produce  them. 

You  are  correct. 


!Hie  compound  water,  for  example,  will  not  burn;  but  the  gases  which  are 


I  chemically  combined  to  make-up  water  will.    We  can  "breathe"  oxygen,  but  can 
I we  breathe  water? 

The  chemists1  name  for  the  smallest  part  of  an  element  that  retains  the 
I  chemical  properties  of  the  original  element  is  "atoml1    The  atom  is  the 
smallest  particle  of  an  element  which  can  enter  into  chemical  combination. 

Now  turn  to  the  top  of  Page  9  and  continue. \~Dp  not  forget  to  cover 
lyoux*  answers  before  you  write  your  answer. 


I8j 


Par.e  11 


( Compound  ) 

10.     Electrons  (e)  are  particles  that  travel  in  rings 
around  the  nucleus. 

Which  number  labels  the  electron  ring 
of  this  atom?    (  ) 

(3)  ( 

9 

11.    The  nucleus  of  an  atom  contains  two  kinds  of 
particles  called  protons  @  and  neutrons  (n) 

Label /the  parts  of  this  atom's  nucleus. 

— — 

(l.  Neutron 
2.  Proton) 

S  L 

12.    The  symbol  for  an  electron  is  ©. 
The  symbol  for  a  proton  is  uO. 
The  symbol  for  a  neutron  is 
Label  these  symbols. 

© 

®  

®—  '  

Proton 
D  Electrdi 
a)  Neutron 

13.    Several  atoms  may  make  up  a  i  • 

(itolecule) 

1U»    The  nucleus  of  an  atom  contains  two  kinds  of/particles. 

The  nucleus  is  made  of  (electrons  and  protons /protons 
and  neutrons /electrons  and  neutrons). 

(Protona  aid 
neutrons) 

15.    Atoms  have  two  parts,                       /  l§) 

i  \ 

«id  one  ' 

Continue  on  Page  13* 
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Page  72. 
12A 


YOUR  ANSWER:  False 
(Prom  P-16B) 

No.    No.    He  have  just  said  that  each  element  has  an  Atomic  Number  that 
corresponds  to  the.  number  of  protons  in  one  of  its  atoms.    All  elements  have 
different  atomic  numbers.    It  has  also  been  stated  that  the  normal  atom  of 
alf  elements  is  electrically  balanced.    So  each  must  have  a  different  amount 
of  electrons  —  right. 

Think  this  over  and  go  back  to  page  16A  and  continue. 


12B 

YOUR  ANSWER: v  Ten  protons. 
(Fro*  P-21) 


Right.     For  the  normal  atom  to  be  electrically  balanced,  it  must  have 
the  same  number  of  protons  as  it' .has  electrons. 

The  simplest  of  all  atoms  as  far  as  the  ^1 
maber  of  protons  and  electrons  are  concerned 

41 

is  hydrogen.    The  normal  hydrogen  atom  contains  >V»  .S 

ons  proton  and  one  electron.  t 

Every  element  is  assigned  an  atomic  number.    This  number  is  the  number 
at  protons  thu  atom  has.    Hydrogen  has  1  t.  jcon,so  an  atomic  number  of  1. 
Copper  with  its  29  protons  is  assigned  an  atomic  number  of  29. 

In  addition  to  electrons  and  protons,  all  atoms,  except  the  hydrogen,  atom, 
have  other  particles  called  neutrons.    They  are  electrically  neutral" and- thus 
haw  no  effect  on  electrons.    They  add  weight  but  they  do  not  change  chemical 
CUT  electrical  qualities. 

r 

If  an  element  has  an  acinic  number  of  17,  how  many  electrons  would,  this 
atou  have  in  its  balanced  state? 


Not.  enough  informiition. 
17  electrons 


Pu*re  1 4./. 
Pace  16/. 


IS! 


Page  13 


(Nucleus 
electrons ) 

16.    Traveling  around  the  nucleus  are  particles  called 
electrons. 

TM«  picture  show  ^ 

traveling  in  a  ring  around  the                i-N^By  J 

 -•   y 

( Electrons ) 
(  Nucleus ) 

17 •    The  nucleus  of  an  atom  is  f orned  of  protonar  and 

(Neutrons ) 

18.    The  electrons  form  rings  around  the 
( nucleus  /proton/xaolecule/atom)  • 

(Nucleus) 

■* 

19.    The  nucleus  of  an  atom  contains  both 

neutrons  and  protons.  >^7n1s^ 

In  this  nucleus,  how  many  protons  ^^^^^^ 
and  neutrons  are  there?  liS^v^£^^2fil 

(        )neutrons  ^y^^^^^V^^^ 
1        jprotons  ^z^^r 

NUCLEUS 

*  * 

00 
(5) 

(Electrons) 

20.  In  an  atom,  the  rings  around  the  nucleus  contain 

i 

21.  The  nucleus  of  an:  atom  contains  

And  - 

(Protons) 
((Neutrons  ) 

22.    A  proton  has  a  positive  electric  charge.    The  4 
+  sign-  stands  for  the  positive  change. 

y  t 

Which  of  these  represents  a  proton? 

■  @  ®  0  0  • 

A         B         C  D 

Continue  on  Page  15 . 
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SLTTX    "?*  6n0Ugh  i>  Siven  to  tell  how  many  electrons  an 

(Prom  P-12B)    element  with  an  atomic  number  of  17  would  have/        C*r°na  .** 

You  are  Incorrect.  \ 

Yes,  there  la  enough  Information  given  to  determine  how  many  electrons 
this  element  would  have. 

We  said  the  element  was  electrically  balanced,  so  we  know  there"  are  aa 
many  electrons  as  protons.    The  atomic  number  is  determined  by  the  number  of 
protons  an  atom  has« 

Now,  -return  to  Page  12B  Smd  try  once  more. 


1UB 


V 


YOJR  ANSWER^  Ten  neutrbns. 
'From  P- 21) 


Perhaps  you  are  confusing  protons  and  neutrons.    Protons  are  the  particles 
with  positive  electrical  charges.    Neutrons  are  those  particles  with  a 
neutral  charge  —  neutron,  neutral.  *  '  * 

Whet  we  said  was  not  that  the  number  of" neutrons  equals  the  number  of 
electrons,  but  that  the  number  of  protons  in  the  normal  atom  equals  the  number 
of  electrons. 

The  number  of  neutrons  in  some  atoms  is  equal  to  the  number  of  protons 
or  electrons,  but  in  other  atoms,  the  number  of  neutions  may  be^  either  more 
or  less.    So,  if  we  are  told  the  number  of  electrons  in  an  atom,  we  cannot 
tell  how  many  neutrons  it  has. 

Nov,  return  to  Page  PI  and  try  again. 
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Page  15 


(D)           '  ... 

23.    Draw  a  picture  of  an  atom. 

Show  2  electron*  (f)  In  the 
rinc  around,  the  nucl^uA  «nri 
2  protons  (p)  and  2  neutrons 
(n)  In  the  nucleus. 

2U.    An  electron  has  a  negative  electric  charge.*  ~* 
The  -  sign  stands  for  the  negative  charge. 

Which  of  these  represents  an  electron? 

0  ©  0  ® 

A         B         C  D 

(C) 

0»    xn  rings  around  the  nucleus  are  particles  called 

( Electrons ) 

26.    If  a  particle  has  +  charges  and  -  charges,  the 
net  charge  is  the  algebraic  sum  of  the  charges. 

1      \  * 
If  a  particle  has  3    (    +  )  charges  and  5  (  -  ) 
charges,  the  net  charge  Is  (  +3  )  +  (  -5  )  ), 

(  -2  ) 

27.     Protons  have  a  c- 
\  The  symbol  for  this  kind  of  charge  Is  (  ). 

(Positive) 
(♦) 

28.    What  is  the  net  charge  on  these  particles? 

/TT\     f7\  ST\ 

(A  +1 
B  +2 
C  -2 
D  -1 

29.    Protons  and  neutrons  make  up  the 
atom. 

Continue  on  Page  17.  $ 
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YCUR  ANSWER:  17  electrons. 
(Prom  P-12B) 

You  are. correct. 


7\ 


Since  we  said  this  element  was  electrically  balanced,  we  know  there  are 
as  many  electrons  as  proton^  The  atomic  number  gave  u?  the  number  ot 
protons  in«thiJs  element. 

Of  the  100  or  so  elements  that  are  known  today,  each  has  an  atomic  number. 
Example: 


Element 

Hydrogen 

Helium 

Carbon 

Oxygen 

Copper 


Atomic  Number 

1 

2 
6 
3 
29 


Element 

Atomic  Number 

"Irypton 

>  36 

Silver 

Gold 

79 

Uranium 

92 

Mendeleviura 

101 

A*  complete  chart  of  the  elements  can  be  found  in  most  chemistry  and 
physics  books.  ^ 

Each  of  the  100  or  so  elements  that  have  been  identified  has  its.  own 
distinctive  atom. 

Page  12A 
-    >  Page  18 


False 
Tirue 


i6b' 

:CUR  ANSWER:    Five  protons  and  five  -neutrons. 
'From  P-21) 

No.    The  principle  behind  this  question  is  in  the  following  stateiaent: 

In  the  normal  atom,  the  number  of  protons  \ 
equals  the  number  of  electrons. 

This  says^  nothing  about  neutrons.    Some  normal  atoms  have  more  neutrons 
than  protons,  some  have  the  same  number,  and  some  have  fewer.    Simply  know- 
ing  the  number  of  protons  or  electrons  tells  us  nothing  about  the  number  of 
neutroiiS.  ^ 

How,  return  to  Page  21  and  select  the  correct  answer. 
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P««e  17 

r 


(Nucleus) 

30,    A  neutral  charge  means  a  net  charge  of  zero. 
Whi£h  of  these  has  a  neutral  charge? 

©  ©  ©  ©  © 
©  ©  ©  ©  © 

A          B             C           *D  E 

(c) 

The  net  charge  on  an  atom  is  the            S0*  'Vv 
algebraic  sua  o^  the  charges  of          /  yra^  \3 
the  protons  and  the  charges  of           /    /^A^  V 
the  electrons.                                    '     %^P^t^  J 
wnat  is  the  net  charge  of  this           V-v^a^^  / 
*taa?   <    }    **  <CL_^ 

(+D 

32.    In  the  ring  s^rctt'td  the  nucleus 

Of  this  atom  Is?  rm^ 

r 

(Electron) 

33*    Name                 Charge                 Symbol  for  ^charge 

Proton              Positive                    (  ) 
Neutron            Neutral                     I    0  ) 
Electron          Negative                    (  f 

<  + ) 

( - ) 

3^.    This  picture  shows  two  positively 

charged  protons  and  one  neutron       .  >3 
in  the, —  ;  of  the  atom.  ? 

A 

> 

(Nucleus ) 

35*    Neutrons  have  a  (      )  electric  charge.^ 
Electrons  have  a  (      )  electric  charge. 

Continue  on  Page  19 
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YCUR  ANSWER:    True,  each  of  the  100  or  so  elements  that  have  been  identified 
(Prom  P-16A)    has  its  own  distinctive  atom. 

You  ai^  right. 

The  atomic  number  tells  us  how  many  protons  the  atom  of  an  element  has. 
The  normal  atom  is  electrically  balanced- -  so  for  eafeh  proton,    one  electron.! 

Since  we  have  "spoken  of  electrons  being  in  orbit,  it  is  only  natural  to 
compare  the  atom  to  our  solar  system.    However,  such  comparisons  are  mis- 
leading.    The  solar  system  looks  like  this: 


SOLAR ,  SYSTEM 


ATOM 


*  • 
All  the  orbiting  planet^  are  in  approximately  the  same  plane.    In  an  • 

atom,  the  electrons "do  not  lie  in  one  plane  but  move  within  spheres-  at 

J  * 

different  distances  from  the  nucleus.    These  spheres  are  like  the  layers  of 
an  onion.    In  fact,  we  sometimes  call  them  layers.  p  But,  most  commonly,  ^re 
call  the  path  in  which  an  electron  moves  a  shell. 

In  the  drawing  of  the  atom  above,  eacll 
electron  has\^ts  own  orbit.    But  here  the 
electrons  are  grouped  into  2  separate  shells. 
The  same  atom  will  normally  be  drawn  like  this: 

Which  of  the  statements  below  is  true? 

The  electrons  in  one  shell  can  all  * 

have  the  same  orbit.  P^ge  20 

The  electrons  in  one  shell  can  all  ^ 
have  individual  orbits.  Page  22 


'At'/' 
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Page  19 


(  0  ) 

( - )  . 

1 

\ 

36.    Electrons  travel  around  the  nucleus 

in  paths  called  orbits.      ,  ✓i^^y^ 

Th<»ro  ati*  P  Plprtmn*  in  the 

nearest  the  nucleus    and  k  electrons     /    1    ^SJk    \  \ 

in  fcte                            faTtheirk  frYm  the            V     VBy      1  / 

nucleus .  ^ 

'    r  % 

(Orbit) 
(Orbit) 

37.    The  electrons  that  ring  the  nucleus  hav^  (      )  charge. 
Prptons  in  the  nucleus  have  a  (      )  chaise. 

Wputrrtns  in  t.h*  rawlfius  haw  a                  ;  <|jjjfcharge. 

(  -  ) 
(  +  ) 
(  Neutral 
or 
Zero) 

0  « 
\ 

38;    Which  of  these  pairs  will  have  a  net  charge  of  0? 

A   i                   B                      C                      D  . 

ST\  fl\          /T\   r7\    /T\   /T\  /Os 

(i>  ^)  (£> ■  (1)  (£)  (i)  Qi) 

(c) 

39»    Traveling  around  the  nucleus  are  small  particles 

(Electrons) 

kfL     The                                 has  a  negative7  charge.       \  V  0 

\            /      \\  > 

(Electron) 

Ul.    A  positively  charged  particle  found  only  in  the  \. 

nuelpus  n-T  an  atom  is  called  a                               \  }v 

\%  ■ 

V  rrOwon  J 

 '  1  1    

 :  1  •  :  %A; 

(Atoms) 

 ^  l 

1*3.    Draw  an  atom  with  two  electrons        ,  two  protons \\ 

i  +  j  j    Qua  one  neuuron    ini  •     \\jtbm  au  ooouoin  or  pagcv 

ft%                                         ■  \\ 

^Continue  on  Page! 

\ 

21.            ,                          »  \* 

s 
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Page  20 


■  V  > 


YOUR  ANSWER:    The  electrons  in  one  shell~can  all  have  the  sane  orbit. 
(From  P-18) 

No,  let's  gb  over  it  once  again. 

Electrons  orbit  around  the  nucleus  In  spheres  at  different  distances 

» 

r   ELECTRON  from  the  nucleus.    The  electrons  are 

■SPHERE  grouped  into  shells  accordiijg,  to  the 

size  of  the, sphere  the  orbiting 
electrons  make. 

When  you  see  or  draw  a  pictur^p  of  an  atom,the  electrons  are  ground 
into  f hells  as  in  Figure  A  below.    But  remember  each  electron  can  have  its 
own  orbit  within  the  shell  it -is  grouped,  ass  shown  in  Figure  B  below. 


FIGURE  A  \ 


FIGURE  B 


Return  to  Page  18  and  select  the i correct  answer. 
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Page  21 


A  neutraj.  atom  is  one  that  has 

1.  an  equal  number  of  'protons  and  neutrons,  w 

2.  more  electrons  th%n  protons. 

3.  the  same  number  of  protprfs  as  electrons. 


s 


(3*    the  si 
number  of  protons 
as  electrons) 

S 


U5.\The  smallest  part  of  an  element  is  a/ 


an. 


(atom) 


U6.    Here  are  diagrams  of  the  atoms  dt  four  different  > 
elements.    The  -  sign, indicates  the  negative  charge 
of  an  electrbn.    The  +  sign  indicates  the  jpositive 
charge  of  a  proton. 


HYDROGEN 


HELIUM 


CARBON 


OXYGEN 


1 


These  are  normal  atoms.    That  means  .that  the  electrical  charges  in'  the 
atoms  are  balanced.    The  number  bf  protons  ^exactly  equals  the  number  of 
electrons  in  all  atom  in  their  normal  stAte.    Therefore,  the  negative  charges 
of  the  electrons  exactly  balance  the  positive  charges  on  the4 protons.  That 
i»  wl*y  a  normal  atom  is  described  as '  electrically  balanced.    Note  that  the 
presence  of  neutrons  has  no,  effecifheeiause  neutrons  a^e  themselves  electri- 
caUy  neutral. 

The  normal  atom  of  the  element  neon  has  ten  electrons. 
What  particles  can  we  he  sure  of  finding  in  its  nucleus? 


Ten  protons. 

Tea  neutrons. 

Five  protons  and 
five  neutrons. 


Page  12B 
Page  IkS 

Page  16B 


2uu 


Page  22 

<  i 
YOUR  ANSl/ER:    The  electrons  in  vone  shell  are  all  in  individual  orbits. 

>(from  P-18)  * 

»)  , 

Right  you  are.    Very  good. 

Each  shell,  according  to  its  distance  from  .the  nucleus,  can  be  composed 
\  of  a  maxinum  number  of  electrons.    Beginning  with* the  innermost  eheli  and 
working  outward,  the  shells  are  lettered,  starting  with  K  and  running 
sequentially  to  Q  in  the  most  complex  elements.    Starting  with  the  innermost 


shell*  K,the  maximum  numbers  of  electrons  in  each  shell  are  2,  8,  18,  32,  32,  ( 
18,  8,  2. 

Now  when  thfe  outermost  shell  of  any  atom  has  8  electrons,  the  shell  is 
complete.    In  cl.  raistry,  the  elements  that  have  8  electrons  in  the  outermost 
shell  of  their  atoms  will  not  combine  readily  with  other  elements  and  these 
elements  are  classified  as  chemically  inert.    There  ate  only  6  of  these 
elements  found  in  nature:  Helium,  Neon,  Argon,  Kryton,  Radon,  and  Xenon. 


In  electronics,  the  outermost,  shell  is^tte^  shell 


are  interested  in. 

It  is  the  number  of  electrons  in  this  shell  that  will  determine,  if  a  material 
is  a  good  conductor  of  electricity  or  a  poor  one. 

The  outermost  shell  is  called  the  Valence  Shell  and  the  electrons  in  the 
Valence  Shell  are  called  Valence  Electrons. 


VALENCE  SHELL 


/ 
\ 


VALENCE  ELECTRONS 


Now  continue       at  the  top  of  Page  23. 
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Page  23  * 


i 

t 

1.    A  neutral  atom  is  one  that  has     /  \^ 

1.  an  equal  number  of  protons  and  neutrons. 

2.  more  electrons  thou  protons. 

3«    the  same  number  of  protons  as  electrons. 

J  ; 

(3*    the  sane 
number 'of  protons 
as  electrons. ) 

2.    Draw  a  nucleus  with  two  electro 

> 

* 

lis  in  orbit  around  it. 

> 

< 

-3.    The  outermost  shell  is  called  the  VALENCE  shell  or 
■  ring. 

How  many  electrons  are  in  th$             QT /-^-  N 
valence  shell  of  this  atom?  *            ^    .^v!^.  \ 

—  V-  

(3) 

li.     The                                         shell   Is                +.h~  v»l0n,»  . 

shell.                               *    \  x 

* 

(Outermost) 

- 

5.    The  electrons  in  the  valence  s^iell  or  valence  ring  are 
called  VALENCE  ELECTRONS. 

i  i 

Valence  electrons  are  located  in  the  «h*n 

(Valence) 

6.                                     eleetrnns           Innate  in  -hh*  valonno 

shell  of  an  atom.               .J                » < 

(Valence) 

7.    If  a^NEOTRAL  atom  has     protons,  it  must  algo  have 
v              >  r 

1  !L_ 

Continue  on  Page  25* 
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YOUR  ANSWER:  Yes. 
(Prom  P-31) 


You  are  correct. 

The  single  valence  electrdh  of  Silver  and  gold",  as  well -as  of  copper,  is 
easily  jarred  loose.    It  is  the  availability  of  this  electron  that  makes 
copper  so  important  in  electronics.    Silver  is  used,  too,  and  occasionally 
gold,  but  cost  prohibits  their  being  used  as  widely  as  copper. 

You  have  been  told  tpat  the  normal  atom  is  electrically  balanced  because 
it  contains  an  equal  number  of  protons  and  electrons. 

When  an  atom  gains  or  loses  an  electron,  it  becomes  electrically 
charged,  because  it  is  no  longer  in  electrical  balance.    Thewatom  that  has 
been    unbalanced  by  the  gain  or  loss  of  an  electron  is  called  an  ion  of  that 
atom.    Ions,  clearly,  can  be  positive*  or  negative,  depending  on  whether  *bhey 
have  a  shortage  or  surplus  of  electrons. 

Here  jare  diagrams  of  chlorine  atoms.    One  is' a  normal  qhlorine  atom;  the 
other  is  an  ionized  chlorine  atom. 


B 


A  is  the  ion  and  it  is  positively  charged.  Page  26A 

B  is  the  ion  and  it  is  negatively  charged.  Page  28 


ERIC 


1 


PSge  2? 


(U  electrons) 


^7~Tf  an  atomgha^^^rotons  ele"ctrQtis^T^T^^ 


(Neutral) 


9.    Sometimes,  th<e  valence  electrons  are  called  free 
electrons.- 


Free  electrons  are  found  in  the. 


.shell. 


(Valence  or 
outermost ) 


10.    An  atom,  with  more  protons  than  electrons  has  more 

positive  than  charger 


(Negative) 


11.    In  this  picture  of  a,  charged. atom, 
there  are  (      )  protons^  and  (.     )  • 
electron(s). 


•--©, 


Therefore,  the  atom  has  a 
charge-.  *  .  t» 


A 
\ 

I 
/ 


(2)  (1) 
(Positive) 


12. 


shell,  ring,  or  orbits. 


.electrons  are  In  the  outermost 


(Valence  or 
free) 


Which  of  thejse  pairs  will  have  a  net  charge  .of  -21 

B 


-  D  E- 

<§5.^  ©^ 


c 

+6)  U 


if 


(E) 


1U. 


The  nucleus  of  the  atom  is  made  of  neutrons  and 
protons.    The  neutrons  have  a  0  charge^,  the 
protons  have  a  +  charge. 

.Therefore,  the  net  charge  of  a  nucleus  is  (  ). 


Continue  on  Page  27. 
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Page  S6 


lYCKJR  ANSWER:    A  is  the  ion  and  it  is  positively  charged. 
I (From  P-2U) 

( 

You  are  incorrect. 

An  ion  is  an  atom  that  is  electrically  unbalanced.    It  has  either  a 
InegaXive  or  a  positive  charge.    And  that  means  -it  has  either  a  surplus  or  a 
[deficiency  of  electrons.    It  has  gained  or  lost  an  electron  for  some  reason- 

Your  counting  can't  he  accurate.    If  ypu  look  again,you  will  find  that  in 
I illustration  A  there  are  equal  numbers  of  electrons  and  protons.    And  that 
I  means  that  A  is  not  an  illustration  of  an  ion. 

■  ^ — or 


A  is  the  ion  and  it  is  positively  charged. 
B  is  the  ion  and  it  is  negatively  charged. 


B 

Page  26A  (At  top) 
Page  28 


I26B 


IYCOR  ANSWER:    One  negative  charge  each. 
[(From  P-28) 

This  answer  is  correct  as  far  as  it  goes.    It  tells  us  that- the  charge 
lis  negative,  but  it^oean't  tell  us  anything  about  the  size  of  the  charge. 
\s  you  know,  the  charge  of  an  electron  is  the  smallest  negative  charge  known. 
|There  is  a  special  name  that  indicates  this  size  of  charge. 

Now,  return  to  Page  28  and  select  the  more  complete  answer. 


Page  27 


(+)  ~ 

15.    Electrons  travel  around  the  nucleus  in  paths 
called 

(Orbits) 

i 

16.    Electrons  in  orbits  near  the  nucleus  are  called 
"bound"  electrons.  & 

Particle  A  is  a 

Is  B  a  bound  electron? 

(Yes/Ho).  . 

\  <y 

(Bound) 

(Ho) 

17.    The  three  particles  of  the  atom  you  have  studied 
are  called  , 

(Electrons, 
protons, 
neutrons ) 

(Any  order) 

Id.    This  atom  has  a  (+  /  -  /  0)  charge. 

(  ♦  ) 

19.    Only  those  electrons  in  the  outermost  orbit 
around  the  nucleus  are  called 
or  valence  electrons. 

(Free) 

20.    All  electrons  of  an  atom  except  those  in  the 
outermost  orbit  are  pWf.w«c 

(Bound) 

21.    An  atom  that  has  a  +  charge  must  have  more 

than 

Continue  on  Page  29. 


1 

2.0  r. 


Page  28 


* 

Yea  are  correct. 

.  Wgure  B  has  one  aore  electron  than  is  needed  to  balance  the  protons  in 
the  nucleus.    Therefore,  it  has  a  negative  charge,    if  it,  had  one  less 
electron  than  is  needed  to  balance  the  protons,  it  would  have  had  a  positive 
charge. 

A  proton  and  a  neutron- are  about  the  same  size  and  weight,  but  each  is 
only  ore-third  the  size  of  an  electron.    This  means  that  protons  and 
neutrons,  which  make  up  the  nucleus,  are  much     denser     than  electrons. 
-It's  .like  comparing  a  bowling  ball  to  a  circus  balloon. 

lhe  electron  is  the  smallest  negative  charge  known.    It  has  exactly  the 
same  strength  of  charge  as  a  proton,  but,  of  course,  a  proton  and  an  electron 
have  opposite  charges.    We  say  the  charges  of  an  electron  and  a  proton  are 
equal  and  opposite.    These  charges  are  referred  to  as  elemental  charges. 
What  charges  do  electrons  have? 

One  negative  charge.  Page  26B 

One  negative  elemental  charge  each.  Page  32B 
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Page  29 


(Protons) 
(Electrons) 


22.    All  the  -i-  charges  of  an  atom  are  found  in  the 

the  atom. 


(Nucleus) 


(Negative) 


23  •    This  atom  has  a. 


.charge. 


2V.    An  atom  which  does  not  have  an  equal  number'  of  protons 
and  electrons  is  an  ion. 


An  unbalanced  atom  is  an 


(Ion) 


(Ion) 

) 


25.    An  atom  with  more  electrons  than  protons  is  a  negative 
ion  and  an  atom  with  more  protons  than  electrons  is  a 
positive  


26.    An  atom  with  more  electrons  than  protons  has  a 

i   ,  charge  and  is  a   ion. 


(Negative 
negative) 


(Negative) 


(Neutral  or 
Zero) 


27.    An  electron  has  a. 


.charge. 


28.    An  atom  with  the  same  number  of  electrons  and  protons 
has  * 


29.    The  valence  electrons  are  in  the: 


-shell, 


(Outermost  or 
Valence) 


30.    Matter  is  all  things  that  haves 


.and 


JZL 


Continue  at  top  of  Page  31. 
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To  summarise  this  set; 

1.  Matter  is  anything  which  has  weight  and  occupies  spade. 

2.  Molecule 
a.     smallest  part  of  a  compound. 

^     b.    consists  of  2  or  more  atoms  chemically  combined. 

3-  Atom 

a.  smallest  part  of  an  element. 

b.  consists  of  electrons  in  orbit  around  a  nucleus. 

(1)  Electrons  have  a  negative  charge. 

(2)  The  nucleus  consists  of  protons  and  neutrons. 

(a)  Protons  have  a  positive  charge.  0 

(b)  Neutrons  have  no  charge. 

it.  Elements 

a.  are  materials  that  consist  of  only  one  type  of  atoms. 

b.  Over  100  elements  have  been  identified. 

5.  Compounds 

consist  of  2  or  more  elements  chemically  combined.  v 

6.  The  atomic  number  assigned  to  an  element  is  the  number  of  protons  in  an 
individual  atom. 

7.  Thr  net  charge  of  an  atom  is  the  algebraic  sum  of  the  protons  and 
electrons,  in  that  atom. 

8.  Valence  electrons  are  the  electrons  in  the  outermost  orbit. 

9.  An  atom  is  normally  electrically  balanced  because  it  has  an  equal  number 
of  protons  and  electrons. 

10.  If  an  atom  loses  or  gains  an  electron,  it  becomes  a  charged  atom. 

a.  A  charged  atom, is  called  an  ion. 

b.  An  excess  of  electrons  results  in  a  negative  charge;  $un  atom  in  this 
condition  is  called  a  negative  ioa*^^ 

c.  A  deficiency  of  electrons  results  in^positive  charge;  an  atom  in 
this  condition  is  called  a  positive  ion. 

11.  Tt*  coulomb 

^ju    a  unit  of  electrical  charge. 
X.    a  specific  number  of  electrons  or  protons  (6.28  x  10     to  be  exact). 


The  End  . 

Go  to  page  35, 
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|(  weight 
occupy  space) 


l(atora) 


|(  electron 
protons ) 


|(  negative) 


|(  negative) 


31.    An  ion  is  a  charged 


32.    An  atom  with  a  •  charge  has  more 


.than 


33.    An  atom  with  more  electrons  than  protons  is  a 
 ion« 


3^.    An  electron  has  a. 


.charge. 


35*    This  is  a  diagram  of  a  copper  atom.    It  has  29 
electrons    and  35  neutrons. 


VALENCE 
a ELECTRON 


Note  that  there  is  only  one  electron,  in  the  outer  shell.    This  shell  is 

■  t 

|called  the  valence  shell. 

The  valence  shell  determines  the  electrical  characteristics  of  un  atom. 
[Electron  flow  through  a  copper  wire,  or  any  electrical  conductor,  can  take 
■place  because  the  last  shell  of  each  o|  the  conductors  atoms  is  not  complete 
jand  the  movement  of  electrons  from  one  atom  to  another  is  possible. 

The  electrons  in  the  valence  shell  are  called  valence  electrons.  The 
Icopper  atom  has  one  valence  electron.    The  atoms  of  gold  and  silver  also  have| 
|one  valence  electron  each. 

Are  the  electrical  characteristics  of  gold  and  silver  similar  to  those 
I of  copper? 


Yes. 
No., 


Page  2k 
Page  32A 


2* 
1U 


Page  32 

32A 

YOUR  ANSWER:  No. 
(From  P-31) 

Why  not?    It  la  the  availability  of  valence  electrons  that  determines 
how  atom  act  electrically.    Thus,  different  atoms  with  the  same  number  of 

r 

valence  electrons  will  behave  electrically  in  ouch  the  same  way. 
Now   return  to  Page  31  and  select  the  correct  answer. 


32B 

YOUR  ANSWER:    One  negative  elemental  charge  for  each  electron. 
(Pram  P-28) 

You  are  correct. 

There's  one  negative  elemental  charge  on  each  and  every  electron;  one 
positive  elemental  charge  on  each  and  every  proton. 

This  elemental  charge  is  too  small  for  practical  use.    It1 a  so  small 
that  if  the  electricity  used  in  your  hofie  were  measured  in  elemental  charges, 
your  electric  bill  would-be  covered  with  numbers  just  to^tell  how  much 
electricity  you  used. 

Per  practical  purposes,  the  size  of  an  el^e*£ical  charge  is  measured  in 
units  called  coulombs.    Coulombs  are  named  after  a  Frenchman  who  was  among 
the  firvt  to  try  to  measure  the  strength  of  electrical  charges.  ^Siere  are 
6,280,000,000,000,000,000  elemental  charges  in  one  coulomb.    If  you  were  to 
rewrite  this  number  in  powers  of  tens,  which  you  will  learn  about  later,  it 
would  be  6.28  x  lO^tells  us  the  decimal  point  was  mov$d  to  the  left  lfl 


places.)  From  now  on, when  you  are  asked  "What  the  practical  unit  of  electrical 

charge  is?1  it  is  one  coulomb  or  6.28  x  10     elemental  charges. 

Go  to  the  top  of  page  33  an*  continue. 


Ffcfje  33 


1.  -  The  practical  unit  of  electrical  charge  ia  the 

(coulomb) 

i 

i 

2.  v^The  charge  on  an  electron  is  a/ah 
elemental  charge, 

i  a   ,  

(negative 

4 — 

i.    The  charge  on  a  nroton-  l«  a 
*  charge, 

 ^—l  ;  :  

(positive 

h.    6.^28  x  10     elemental  charges  are  one 

( coulomb  j 

1 

5.    The  practical  unit  of  electrical  charae  is  *hh* 

« 

(coulomb! 

6.    The  atom  that  has  6  electrons  and  5  protons  is  a 

necatiw 

o 

(ion)  / 

A 

7.    The  smallest  part  of  an  element  is  a/an 

(atom)  \ 

8.    The  smallest  part  of  a  compound  is  a/an 

(molecule) 

9e    An  atom  that  has  2  electrons  and  5  protons  is  a 

(positive  iorj) 

10.    A  c expound  is  composed  of  two  or  more  """ 
^chemically  combined.  4 

( elements ) 

11.    Draw  an  atom  with  3  protons,  2  neutrons,  and  k 

electrons  (The  first  shell  can  have  only  2  electrons 
in  it.) 

•  * 

■  ■  \ 

 \ 

Continue  on  page  3U  at  the  top. 


2.12 


■  J  s, 

Page  3*.  \ 

12.    Which  of  these  pairs  will  have  a  net  charge  of  -6? 
A                 ^  B 

©°©    @©   0©  ,  • 

^  ;  .  

(D) 

13  •    Two  or  more  atoms  may  combine  to  form  a 

(Molecule) 

Ik.    1.    A  proton  has  a  (      )  charge. 

2.  A  neutron  has  a                                     nhnr*£*  \ 

3.  An  electron  has  a  (      )  charge. 

k;    The  nucleus  of  an  atom  has  a  nhQ^o 

(1.    (  *  ) 

2.  neutntl  or  zei 

3.  (  -  ) 

k.  positive) 

15.    The  smallest  physical  particle  into  which  matter  can 
ro       be  divided  is  called  a/an 

^ — 

(Atoji) 

l6.     Free  electrons  are  in  the 

shell  of  an  atom. 

Other  electrons  in  the  atom  are  called 
electrons. 

(Outermost  or 
valence) 
Bound) 

17.    Molecules  can  he  broken  down  .into 

i 

* 

(At cms) 

18.    The  outermost  shell  is  called <the  «h*»n 

(Valence ) 

19.    The  normal  hydrogen  atom,  which  has  1  proton  and  1 
electron,  has  a  net  charge  of 

(Zero) 

Continue  on  Page  30. 


REVIEW  TEST  FOR  ELECTRICAX  PHYSICS        .  . 
I.    Mattel  is  defined  as  all^hings  tliat  have  and. 


2.  The  smallest  particle  of  water  that  still  retains  the  characteristics 
of  water  is  a/an  . water. 

3.  Matter  which  consists  of  only  one  type  of  atom  is  the  definition  of 
a/an 


km    Compounds  are  formed  when  2  or  more  are  chemically 

(gmbined. 

Use  Figure  A  below  to  answer  questions  5  through  U. 

i  /   L- NEUTRONS 

V*---  O 

5*  Bow  many  protons  are  in  the  atom?    (     )     label  them  P. 

6.  How  many  electrons  are  in  £he  atom?  (     )     Label  them  E. 

7.  The  charge  of  an  electron  isX   - 

8.  The  nucleus  has  a   ,  charge. 

9.  The  net  chargei^^e  atom  is  (     ).  * 

10.  The  neutron  has  a  (posit ive/negative/neutral)  charge. 

11.  How  many  valence  electrons  are  shown  in  Figure  A  above? 


55 


214 


12.   A  silicon  atom  has  Ik  electrons,  lit  protons,  and  12  neutrons;  what 
will  Its  atomic,  number  be?    (  ) 


13.    Tjb  outer  shell  oftan  atom  Is  the. 


shell. 


Ik.   An  atom  In  a  state  of  electrical  balance  has  a  net  charge  of 


15.   Which  electrons  would  be  the  easiest  to  displaced 

V 

a.  Begat ive  electrons/  * 

b.  Bound  electrons,  \ 

c.  Valence  electrons. 

d.  Neutrons  • 

IB.   Which  of  the  following  atoms  is  in  a  state  of  electrical  balanced 


41 


A  B 

17.  A  noimal  atom  vhich  has  lost  one  electron  has  a. 
charge.  / 

18.  If  an  atom  gains  two  elections,  it  will  have  a_ 
charge.  <w 


19.  JEbe  unit  of  electrical  charge  is  the  

20.  An  ion  is  a/an  (balanced/unbalanced/ neutral)  atom. 


\ 
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ASSIGNMENT  SHEET 


17 


This  assignment  sheet  should.be  used  when: 

flfe     You  are  to  complete  4mly  a  pajrt  of  this  text. 


Your  assignment  within  this  text  is  divided  into  two  or  more 
reading  periods,  * 


r 


Your  instructor  will  m^.ke  assignments  by  identifying  specific  objectives, 
text  material,  and  'review  questions,- 


OBJECTIVES 
(by  No) 

'  TEXT  MATERIAL 
(by  Page) 

•  tr  > 
REVIEW  QUESTIONS  « 

(by  No) 

—           r  ^~ 

—  — 

if 

4  / 

V  * 

 r  

. » 
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MATTER 
OBJECTIVES 


Write  the  definition  of  matter. 
List  the  three  states  of  matter. 

Identify  the  states  of  matter  from  a  given  list  of  diagrams  which 
show  the  transfer  of  each  state  of  matter  from  one  container  to 
another. 

Match  the  terms    volume,  mass,  universal  attraction,  weight, 
density,  inertia,  porosity,  impenetrability    with  a  list  of 
statements  describing  these  terms. 

Draw  the  "Magic  Circle"  for  weight,  volume,  and  density;  and 
write  this  formula  for  finding: 

a.  weight 

b.  volume 

c.  density 

Match  the  terms    element,  compound,  molecule,  and  atom   with  a 
list  of  statements  describing  these  terms. 


o 


SUGGESTED  READING  TIKE  57  MINUTES 


I. 

* 

2. 
3. 


ii 


1.    The  earth  and  the  planets,  or  anything  that  can  be 
.found  on  or  in  them,  take  up  space  and  have  weight 
(a  vacuum  does  not  have  weight). 
These  things  are  called  matter. 
Matter  is  anything  that  has  weight  and  occupies 

. 

SPACE 

>* 

2.    The  pencil  you  are  writing  with  has  weight  and 
occupies  space.    The  pencil,  therefore,  is 
considered  . 

MATTER  *i 

3.    You  are  surrounded  by  matter.    The  air  you  breathe, 
the  food  you  eat,  your  own  body  are  all  matter. 
These  things  and  anything  that  has  weight  and 
occupies  space  are  called 

MATTER 

4.    The  definition  of  matter  is  anything  that 

and 

\ 

HAS  WEIGHT 
OCCUPIES  SPACE 

5.    What  is  the  definition  of  matter? 

f — , 

220 


r  .  .  -  

(From  page  6A) 
2A  * 

You  will  be  embarrassed  when  you  return  to  page  6A  and  look,  at  the  dia- 
gram you  said  represents  a  solid.    Go  back  now  and  think  about  your, 
choice.    Ypu  will  find  that  it  does  not  have  the  properties  of  a  solid. 
Choose  the  correct  otle  and  continue  the  program. 


(From  pages  4A  or  6B) 
2B 

Good.  You  know  how  liquids  react  and  look  when  transferred  from  one  con- 
tainer to  another.    Gases   will  react  in  a  certaip  way,  too.    They  will/ 

/ 

»  3 

assume  the  shape  and  the  volume  of  a  new  container,  as  shown  by  heliu^n 
being  blown  into  a  balloon.  A  set  of  diagrams  showing  the  transfer  of* 
gas  from  one  container  to  another  would  look  like: 

If  your  answer  is:  Turn  to  page: 


4B 


6A 


o1 
ERIC 
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ANYTHING  THAT 
HAS  WEIGHT  AND 
OCCUPIES  SPACE. 

6.    Matter  exists  as  a  solid.    It  also  exists  as  a 
gas  and  a  .liquid. 

The  three  states  in  which  matter  exists  are 

and 

SOLID  . 
LIQUID 
GAS 

7.    Water,  blood,  and  gasoline  are  liquids.  Steel, 
woo\l,^nd  ice  are  solids.    Oxygen,  C02,  and  water 
vapor  are  gases.     Gases,    solids,  and  liquids 
are  the  three  /  of 

STATES 
MATTER 

m 

8.    What  are  the  three  states  of  matter? 

0 

1. 

2. 

A 

3. 

SOLID 
LIQUID  . 
GAS 

t 

9.    Each  state  of  matter  behaves  differently  when 
moved  from  one  .container  to  another.    When  the 
gas  from  a  can  of  "Spare  Tire11  is  released  into  a 
tire,  it  occupies  the  volume  and  assumes  the  shape 
of  the  tire.    If  milk  is  poured  from  a  pint  bottle 
into  a  quart  pan,  will  the  liauid  assume  the  shape 
and  the  volume  of  the  pan? 

If  your  answer  is:          Turn  to  page: 
Yes  4A 
No  6B 

222 


(From  page  3  frame  9) 
4A 

Incorrect.    It  does  not  assume  the  volume  of  the  pan.    If  you  pour  the 
milk  (1  pint)  into  the  pan  <1  quart),  will  it  fill  the  pan?    Of  course 
tjiot,  but  it  will  assume  the  shape.    This  is  the  way  liquids  react  in  the 
transfer  process.    They  assume  the  shape  but  NOT  the  VOLUME.    The  trans- 
fer  of  liquid  shown  as  a  diagram  would  look  like: 


If  your  answer  ds: 


Turn  to  page: 


2B 


TO 


8A 


(From  page  2B) 
4B 

Gas  will  take  up, the  entire  space  and  assume  the  shape  of  the  new  con- 
tainer when  transferred.    Return  to  page  2B  and  look  at  the  diagrams; 
see  which  set  of  diagrams  represents  a  gas  and  then  turn  to  the  correct 
answer  page. 


9 

ERIC 
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10.    You  are  not  reading  what  you  should  be!    If  you 
had  followed  instructions, you  wouldn't  be  reading 
this  frame.    Return  to  frame  9  and  continue  the 
program. 


ANSWER  TO  20A 


w- 

DV 

D- 

W 

V 

V- 

w 

D 

<  From  page  2  OA  ) 
11.    An  ELEMENT  is  a  substance  that  cannot  be  reduced 

to  simpler  substances  by  chemical  means.  Gold, 

oxygen,  and  platinum  cannot  be  reduced  to 

simpler  substances  by  ^ means 

because  they  are   ■  ,  , 


CHEMICAL 
ELEMENTS 


12.    A  substance  that  cannot  be  broken  down  into  a 
^        simpler  substance  by  chemiqal  means  is  called  ^ 
a/an 


ELEMENT 


13.    Elements  are  the  basic  substances  that  are  com- 
bined to  form  the  many  things  that  we  know  as 
compounds .    Water  and  sugar  are  examples  of  com* 
pounds  because  they  are  a  combination  of  two  or 
more  elements.    An  element  cannot  be  reduced  to  a 

   by 

chemical  means,  and  a/an 


is  made  up  of  two  or  more  elements. 


CONTINUE  ON  PAGE  7 
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(From  page  2B) 

6A  « 

« 

Right.    You  have  shown  that  you  know  a  gas  will  take  the  size  and  shape 

i 

of  a  new  container,  if  transferred.    So  far,  you  know  what  liquids  and 
gases    do  when  they  are  transferred  from  one  container  to  another. 
Solids  react  entirely  differently.  They  assume  NEITHER  the  shape  nor  the 
volume  of  the  new  container.    Move  a  block  of  wood  from  a  small  box  to 
the  back  of  a  truck.     It  does  not  change  in  shape  or  volume.    Shown  as  a 
diagram,  transfer  of  solids  would  look  like: 

If  your  answer  is:  Turn  to  page: 


qmnmiin] 


2A 


10B 


(From  page  3, frame  9) 

6B  ,  < 

Very  good.    As  you  have  shown,  liquids  assume  the  shape  of  a  new  container 

but  not  the  volume  (unless  the  two  volumes  are  the  same).    This*  can  be 


shown  in  a  diagram,  which  might  look  like:  . 
If  your  answer  is: 


• 

Turn  to  page; 


2B 


to 


# 


13B 
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SIMPLER 

SUBSTANCE 

COMPOUND 

14.    There  are  many  common  things  that  ere  elements 
or  compounds.  'Hydrogen,  iron*  aluminum,  carbon, 
and  tin  are  all  examples  of 
because  it  has  been  found  that  they  cannot  be 
broken  down  or  changed  into  something  simpler 
\oy  cnemicai  means}. 

ELEMENTS 

15.    Some  common  examples  of  compounds  are  earth, 
wood,  paper,  salt,  and  air.    In  order  to  be 
classed  as  a  compound,  the  substance  must  have 
at  least                                »1  »m*nt*  • 

TWO  (2) 

* 

16.    Plastic,  cotton,  and  air  can  all  be  reduced  to  a 
material  or  substance  that  is  simpler  or  different, 

i 

since  they  are  made  up  of  several  different  ele- 
4          ments.    They  are  known  as  . 

COMPOUNDS 

• 

1 

17.    Hatter  is  made  up  of  very  small  particles  called 

1 

atoms  and  molecules.    These  two  small  particles 
are  different. since  it  takes  2  or  more  atoms  to 
)    make  a  molecule.    Another  way  to  sav  it  is—  an. 
atom  combined  with  another  atom  or  atoms  makes 
a/an 

CONTINUE  ON  PAGE  9 
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It  I 


(From  page  4A) 
8A 

Wrong,    The  diagram  shows  that  the  liquid  is  assuming  the  shape  and  the 

volume.      Liquids  will  assume  the  shape  and  the  volume  ONLY  when  the  two 
containers  have  the  same  volume  •    This,  ,of  course,  is  not  characteristic 
of  liquids.     Go  to  page  4A  and  choose  the  diagrams  showing  the  transfer 
of  liquird  from  one  container  to  another. 


(From  page  10B) 
8B 

ANSWERS  TO  PACE  lOB  -  -  a.  L,  b.  S,^  c.  G 

Identify  the  state  of  matter  in  the  diagrams  below  that  show  the  transfer 
of  matter  from  one  container*  to  another.    The  shaded  area  represents 
matter.     Fill  in  the  blank  between  each  set  of  diagrams,  using  a  G  for 
gas,  L  for  liquid,  and  S  for  solid. 


b. 


e. 


f. 


SB 


[lUlUi: 


( 


mnnmnp 


Turn  to  page  10A 


9 

ERIC 


MOLECULE 

(From  frame  17,  page  7) 
18.    An  atom  it  the  smallest  particle  of  an  element 
that  can  combine  with  other  atoms  to  form  mole- 
cules.   A  molecule  is  the  smallest  part  of  a* 
substance  that  will  have  all  the  characteristic* 
of  that  substance.    The  smallest  part  of  water 
that  still  has  all  the  properties  of  water  is 
a/an 

MOLECULE 

t 

19.    A  molecule  will  have  all  the  properties  of  a  sub- 
stance.    The  particles  that  make  up  the  molecules 
and  do  not  necessarily  have  any  of  the  properties 
of  the  substance  are  called 

• 

ATOMS 

• 

L — 

20.    Remember  that  a/an                         does  not  have  to 
have  any  of  theCproperties  of  the  substance  of 
which  it  is  a  part.    The  smallest  particle  of  a 
substance  that  does  have  all  the  properties  of 
it  in  a/an 

• 

CONTINUE  ON  PAGE  11A 

I 
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 •  ;  ;  Si  - 

(From  page  8B)  "V 

10A  *  • 

ANSWERS  TO  PAGE  8B  -  -  a.  S,  b.  L,  c.  S,  d.'c,  e.  L,  f.  G. 

/ 

Th§>re  are  several  general  properties  which  all  matter  -has  in  common. 
These  are;  volume,  mag^,  universal  attraction,  weight,  density,  inertia, 
porosity,  and  impenetrability.    Would  steel  have  the  same  general  proper- 
ties  as  wood? 


If  your  answer  is: 
Yes 
rNo 


Turn  to  page: 
14B 
12A 


(From  page  6A) 

10B  < 

RIGHT.    As  a  quick  review—  liquids  assume  the  shape  but.  not  (she  vol-ume; 
gas  will  take  both  the  new  shape  and  volume;  a  solid  will  not  change 
either  its  shape  or  its  volume.    All  these  transfers  from  container  to 
container  can  be  shown  by  diagrams. 

Identify  the  states  of  matter  in  the  diagrams  below.    Use  G  for  gas,  L 
for  liquid,  and  S  for  solid. 


a. 


b. 


ft 


Turn  to  page  8B 


10 


«2  2  l! 


4 

(From  Page  J,  frame  20)  ^ 

,  11A 

ANSWERS  TO  FRAME  20  -  -  atom,  molecule 

Identify  each  statement  below  as  a  "description  of  either  an  element,  com- 
pound,  molecule,  or  atom.    Write  the  name  in  the  provided  blank. 
"  a.  Something  that  is  made  up  of  several  different  elements. 


b.  A  small  particle  that  when  combined  with  other  particles  of 
similar  size  makes  a  molecule.  


c.  This  cannot  be  reduced  to  a  simpler  substance  by  chemical 
means.  i  , 

d.  The  smallest  part  of  a  substance  that  retains  all  the  properties 
of  that  substance.  . 

*■ 

'  TURN  TO  PAGE  14C 

(From  page  15A) 

Very  good..  Apparently  you  know  how  to  use  the  magic  circle.  Any  one 
of  the  three  properties  is  just  as  easy  to  find.  Turn  to  page  17A  to 
check  your  understanding  of  the  magic  circle.  , 

(From  page  13A)  % 

11C  * 
Your  answer,  water,  is  incorrect.    Rememtrer  that  density  is  the  weight 

per  unit  volume  of  matter.    The  density  of- mercury  is  850  pounds  per 

i 

cubic  foot,  whereas    freshwater  has  a  density  of  62.5  pounds  per  cubic 
foot.    In  other  words,  a  unit  volume >of  mercury  (in  this  case,a  cubic 
fop£)  weighs  more  than  a  unit  volume  of  water;  consequently,  mercury  is 
denser  than  water.    How  return  to  page  13A  ^and  select  the  correct  answer, 

r 


n 
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(From  page  10A) 
12A  " 

Your  answer,  no,  is  incorrect.    We. said  that  there  were  several  general" 
properties  which  all  matter    has  in  common.    Even  though  steel  and  water 
are  different  states  of  matter,  they  are  still  matter;  and,  therefore, 
have  the  same  general  properties.    Return  to  page  10A  and  select  -the 

it 

correct  answer.  j 

.   ,   #  • 

(From  page  14B) 
12B 

You1 re  right,  very  good.    All  matter  occupies  space;  therefore,  it  has 
volume.     The  next  general  property  we  will  cover  is  mass.     The  measure 
of  the  quantity  of  matter  in  a  body  is  called  its  mass.     The  mass  of  a 
given  body  is  constant—  it  does  not  vary.    As  an  example  of  mass, 
consider  a  sponge.     It  contains  a  definite  measurable  amount  of  mass. 
Whether  we  squeeze,  stretch,  or  soak  the  sponge  in^water,  the  mass  will 
not  change,  even  though  the  size  and  shape  may  be  altered.     The  amount  of 
sponge  will  remain  unchanged.    -In  other  words,  the  mass  of  the  sponge 
will  remain  constant.  » 
If  you  squeeze  a  rubber  ball^you  are  also  decreasing  its  mass. 
If  your  answer  is:  /      ■  Turn  to  page: 

True  '        t      18D  . 

False  14A 


12 


23. 


(Frdm  page  16A) 
13A 

r  •  ■  .  . 

Weight  is  the  attractive  force  of  the  earth  for  a  body. 
The  next  general  property  of  matter  we  will  cover  is  density.  Density 
is  the  weight  of  a  unit  volume  of  fatter'.  °Tmn  <c     denser     than  wood. 
This  means  that  one  cubic  foot  of  iron  weighs  more  than  one  cubic  foot  of 
wood.    The  more  matter  (mass)  there  is  in  a  given  volume  of  a  substance, 
the  denser  that  material  is.    Shown  below' are  some  examples  of  densities, 


DENSITIES 
LBS./CU.  FT. 


BALSA 

7.3 


Which  would  be  denser, 

„__Jf  your  answer  is: 

water 

mercury 
 \  , 


water  or  mercury? 


Turn  to  page: 
11C 

•  20B 


(From  page  6B) 
1.3B. 

Wrong.    The  diagram  shows  that  the  liquid  is  assuming  the  shape  and  the 
volume.    Liquids  will  assume  the  shape  and  the  volume  ONLY  when  the  two 
'containers  have  the  same  volLe.    This,  of  course,  is  not  characteristic 
of  liquids.    Go  back  to  pagej  6B  and  choose  the  correct  answer. 


(From  page  12B) 
14A 

You  selected  false,  and  you're  right.    Always  remember  that  the  mass  of 
a  given  body  is  constant .    The  next  general  property  of  matter  we  will 
cover  is  universal  attraction.    All  matter  attracts  all  other  matter. 
This  fact  was  first  stated  by  Sir  Isaac  Newton,  and  it  is  known  as  New- 
ton's* law  of  universal  gravitation.    As  an  example,  the  earth  is  bound 
to  the  sun  by  thq  mutual  attraction  of  the-  matter  contained  in  the  sun 
and  the  earth.    Would  uniVersal -attraction  have  anything  to  do  with 
why  we  are  bound  to  the  earth? 


If  your  answer  is: 
Yes 
No 


o    Turn  to  page: 
16A 
19B 


(From  page  10A) 
14B 

Jay  are  absolutely  right.    We  said  that  the  general  properties  of  matter 
were  common  to  all  matter.  > 

Let's  now  discuss  each  one  of  the  general  properties  of  matter, starting 
with  Tfolume. 

If  matter  occupies  space,  as  we  found  it  does,  it  must  have  length,  width, 
and  height.     In  other  words,  volume  is  the  measure  of  the  amount  of  space 
which  matter  occupies. 
Does  gas  have  volume? 


If  yoirr  answer  is: 
Yes 
'No 


Turn  to  page: 

1/2B 


15B 


(From  page  11A) 
14C 

ANSWERS  TO  PAGE  11A:     a.  Compound    b.  Atom    c. "Element    d.  Molecule 


This  completes  the  program  on  matter.  Review  the  objectives  before  taking 
the  self-test. 


8 


to 

NO 


14 


(From  page  16B) 
ISA 

No.  You  can  only  put  the  other  two  values  to  the  rieht  of  the 
Thus*  W-VD.    The  formula  was  derived  like  this---  ^ 


sign. 


W  »  DV 


fJT  k     ?!  "uCle'  the  V  and  the     "e  side  by  side.  They 
SHt  £ \?  8i?6  Wh6n  th6y  a"  «ub»tituted  in  the  formula.    I  L 
want  to  find  the  volume  or  the  density,  then  your  formula  will  chanae 
What  is  the  formula  for  finding  volume?  .  Change. 


If  your  answer  is: 
W  ■  DV 


V  -  WD 

V  -  H 


Turn  to  page: 
17B 
19A 
11B 


(From  page  14B) 
15B 

Wrong    think  again.    Doesn't  the  air,  which  is  a  gas,,  occupy  a  certain 
amount  of  space  in  a  balloon?    The  C02  in  a  life  *aft  occurs  a 

Vo W  ic  1       container  in  which  it  is  contained  and  this  quantity  of 
meas«"d  ^  cubic  units.,  such  as  cubic  inches,  cubic  feet!  etc 
Now  return  to  page  14B  and  select  the  correct  answer.  * 

(From  page  18A  or  18C) 
15C 


Wrong.    The  formula  for  finding  volume  is  not  V  3  WD.    The  magic  circle 


has  the  W  OVER  the  D.    It  would  become  V  =  S 

D* 


Turn  to  page  17A  and  continue  the  program. 


15 


23 
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(From  page  14A) 
16A 


You're  i/ight.    We  are  attracted  to  the  earth,  as  is  the  earth  attracted 
to  us,  by  universal  attraction  (gravitation).    Of  course,  the  farther 
away  from  the  earth's  surface  a  body  is, the  less  gravitational  attraction 
there  will  be  on  that  body. 

Now,  let's  move  on  to  the  next  general  property  of  matter  — -  weight. 
The  attraction  of  the  earth  for  a  body  acts  as  a 'pulif  on  that  body.  We 
may  say  that  the  earth  exerts  an  attractive  force  on  the  body.  The 
measure  of  the  attractive  force  of  the  earth  for  a  body  is  called  the 
weight  of  the  body.    As  an  example,  if  you  weigh  145  pounds,  the  mass  of 
your  body  and  the  mass  of  the  earth  mutually  attract  each  other  with  a 
force  of  145  pounds.    Therefore,  weight  is  the  .  . 


Turn  to  page  13A 


(FronTpage  19C) 
16B 


Answers  from  page  19C, 


—  1  -  G,  2  -  E,  3 
-7  -  D,  8  -  H. 


F,  4  -  A.     5  -  B,  6  -  C, 


Now  let  me  introduce  you  to  the  l?Magic  Circle" 

W=*  Weight 
V=  Volume 
D=  Density 

There'  is  nothing  magic  about  it,  but  it  does  make  memory  work  a  little 
easier.    With  it,we  can  find  any  ONE  of  three  characteristics  of  matter 
(volume,  density, or  weight).    You  must  know  two  in  order  to  find  the 
third.    To  do  this,  take  the  one  you.wish  to  find  from  the  circle  and 
place  the  letter  to  the  left  of  the  =  sign.    Then  place  the  other  two, 
just  as  they  appear  in  the  circle,  to  the  right  of  the  =  sign.  For 
instance,  if  you  wish  to  find  the  weight  of  an  object,  take  the  W  out 
of  the  circle,  put  an  -  sign  after  it,  and  place  the  remaining  two  known 
values  after  the  =  sign  like  this: 


If  your  answer  is : 

w  „2£ 

VD 


Turn  to  page; 
15A 


W  =DV 

w  -* 

D 


18A 
18C 


16 
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(From  page   UB,  15C,  ISA,  18C,  or  19A) 
17A 

l«lSL         Sh0U^d       ^6a?y  f°r  a  te,t  in  formulas  and  the  magic  i 

circle.    If  you  don't  feel  you  can  derive  a  formula  from  the  magic  circleJ 
return  to  page  16C  and  go  through  the  frame,  on  the  magic  circle  again- 
otherwise,,  draw  the  magic  circle  and  write  the  formula  for  finding  ' 
density.  ° 


Magic  Circle 


Formula 


Turn  to  page  18B  for  answer 


(From  page  15A) 
17B 

JSfthV?unmla         findi"8  wei8ht'n°t  volume.    The  unknown  must  go! 
to  the  left  of  the  -  sign;  so,  for  finding  volume,  the  V  goes  to  the  left 
(V-).    Return  to  page  15A    and  select  the  correct  formula  as  you  get  it 
from  the  magic  circle. 

(From  page  22A) 
17C 

Yes,  Water  will  seep  through  a  cement  block  foundation  unless  the  blocks 
are  waterprpored  because  of  the  porous  nature  of  cement 
The  last  general-  property  of  matter  we  will  coVer  is  impenetrability. 
No  two  objects  can  occupy  the  same  space  at  the  same  time  becausp  *n 
"?tter  js  impenetrable.    A  nail  driven  into  a  board  does  not  penetrate 
the  wood;  but  pushes  the  fibers  aside.    The  drawing  shown  below  illus- 
trates the  impenetrability  of  matter.    Explain  why,  ^  


CONTINUE  ON  PAGE  22B 


17 


23i 


(From  page  16B) 
18A 

Very  good.    As  you  have  indicated  by  your  formula,  the  W  is  taken  from 
the  magic  circle  and  placed  to  the  left  of  the  »  sign.    The  V  and  the  D 
are  side  by  side.    This,  of  course,  means  volume  times  density  =  weight. 
If  you  w£re  going  to  find  the  volume  of  an  object,  the  formula  would  be: 
If 'your  answer  is:  Turn  to  page:  ^ 

A 

V     wd  15C 


17A 


(From  page  17A) 
18B 

ANSWERS  TO  PAGE  17A: 


and  D=  H 


Turn  to  page  2 OA 


(From  page  16B) 
18C 


No. 


W=  —    is  not  correct.    If  you  take 
D  /  / 

to  find  weight  you  will  have  this  . 


W  from  the  magic  circle, 


the  V  and  the  D  are  side  by  side.  It  is  also  tha£  way  in*  the  formula. 
W=DV  means  weight  equals  volume  times  density. 

If  you  want  to  find  the  volume  of  an  object,  you  substitute  from  the 
magic  circle  and  have  this  formula: 


If  your  answer  is: 
V=  WD 


Turn  to  page: 
15C 

17A 


(From  page  12B) 
18D 

Wrong.    Remember,  we  said  that  the  mass  of  a  given  body  is  constant ; 
it  does  not  vary.    By  squeezing  the  rubber  ball,  all  we  have  done  is 
change  its  volume.    Now  return  to  page  12B  and  select  the  correct 
answer . 
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(From  page  15A) 
19A 


r 


Draw  j  magic  circle  ...  Now  look  at  the  „  and  fc 

Si!  h\     6  by  uide  38  y°U  indi«ted  ^  your  formula?    As  you  have 
noticed  by  now,  the  W  is  OVER  the  D  with  a  line  between  them.  The 
problem  asked  for  the  formula  fpr  finding  volume.    As  you  take  the 

IT^VL*  5°?  ^e  magic  circle,  they  will  fall  right  into  their  proper 
places  and  look  like  this:  .  H  H 


D 


Turn  to 


page  17A  and  continue  the  program. 


(From 


page 
19B 


14A) 


till  5?      J*    9    *  incorrect-    ^member,  universal  attraction  means 
that  all  matter  attracts  all  other  matter.    Therefore,  we  are  bound  to 
the  earth's  surface  by  a  certain  force  because  of  the  attraction  between 
our  bodies  and  the  earth's  surface. 
Now  return  to  page  14A  and  select  the  correct  answer 


(From  page  22B) 
19C 


Match  the  terms  with 


1.  Weight. 

2.  Volume^ 

3.  Mass 


4.  Universal 
attraction 


5.  Density^ 

6.  Inertia 


7.  Porosity 


8 .  Impene trab il ity_ 


the  statements. 

A.  All  matter  attracts  all  other  matter 

B.  The  weight  o^  a  unit  volume  of  matter 

C.  Matter  lacks  the  ability  to  either  start  or 
stop  itself, 

D.  All  matter  is  granular  (space  between  parti- 
cles).  ?  ,  '  . 

E.  The  measure  of  the  amount  of  space  which 
matter  occupies 

F.  the  measure  of  the  quantity  of  matter  in  a 
body.    It  is  constant. 

G.  The  measure  of  the  attractive  force  of  the 
earth  for  a  body 

H.  No  two  objects  can  occupy  the  same  place  at 
the  same  time. 


CONTIWJE  ON  PAGE  16B 


19 


O  r\ 


(From  page  18B) 
20A 

Draw  the  magic  circle  for  weight,  density,and  volume,  and  write  the  for- 
mulas for  finding  weight,  density, and  volume.  ^ 
Magic  Circle    here:  ^Formulas  here: 


Turn  to  page  ,5,  frame  11 


9 
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(From' page  13A) 
20B 

Very  good.    Mercury  is  denser  than  water.    Remember,  we  said  that  density 
is  the  weight  of  a  unit  volume  of  matter.     The  density  of  water  (fresh) 
is  62.5  pounds  per  cubic  foot,  whereas    the  density  of  mercury  is 
approximately  850  pounds  per  cubic  foot. 

The  next  general  property  of  matter  we  will  cover  is  inertia.  According 
to  Newton's  law  of  inertia,  a  body  continues  in  its  state  of  rest,  or 
uniform  motion,  unless  an    unbalanced  force  acts  on  it.    In* other  words, 
matter  lacks  the  ability  to  either  start  or  stop  itself.  •  Some  examples 
of  inertia  are--  the  inability  to  stop  a  speeding  car  when  the  brakes 
fail  and  the  inability  of  an  aircraft  to  make  a  carrier  landing  without 
arresting  gear.     In  the  sketch  shown  below,  the  inertia  of  the  coin 
(inability  to  start  itself)  allows  us  to  flick  the  card  from  under  it,  " 
and  the  coin  drops  directly  into^the  glass. 


Would  inertia  ever  be  a  factor  on  your  body  if  you  were. a  passenger  rid- 
ing in  an  automobile?    Yes /No 

Give  an  example.  ;  


eng€ 


Turn  Co  page  21A 


20 
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(From  page  2 OB) 
21A 


Yes;it  would.    An  example  might  be  as  follows:     if  you  were  a  passenger 
riding  in  a  car  traveling  at  60  miles  per  hour  and  the  car  stopped 
suddenly,  what  would  be  the  action  of  your  body  if  you  were  not  wearing 
seat  belts?    According  to  the  law  of  inertia,  a  body  in  motion  continues 
in  motion  unless  acted  upon  by  an  outside  force.    Therefore,  your  body 
would  be  thrown  forward  and^thratigh  the  windshield.    If  the  car  acceler- 
ated suddenly,  the*  actiah  of  your  body  would  be  being  thrown  against  the 
back  of  the  seat.    ThW  are  both  examples  of  inertia. 
Porosity  is  the  next  general  pr<^perty  of  matter  we  will  cover.  All 
matter  is  granular,  that  is,  it  hasNmace  or  pores  between  the  particles. 
The  amount  of  space  between  the  particles  depends  upon  the  structure  of 
the  material.    In  the  sketch  shown  beLow,  notice  that  when  a  pint  of 
water  and  a  pint,  of  alcohol  are  mixed^they  do  not  equal  a  quart  of  the 
mixture. 


WATER 


ALCOHOL 


MIXTURE 


This  would  suggest  that  the  alcohol  partially  fills  the  spaces  between 
the  particles  ot  water. 

CONTINUE  ON  PAGE  22A 


21 
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(From  page  21A) 
22A 


<5% 


To^l^ustrate  Che  point  more  clearly,  look  at  the  illustration  below. 


COARSE 
GRAVEL 


SAND 


COARSE  GRAVEL 
ANO  SAND 


If  we^liad  two  similar  containers,  one  filled  with  gravel  and  one  filled 
with  sand,  and  if  both  of  these  containers  were  emptied  into  a  larger 
one,  the  container  with  the  sand  and  gravel  mixture  would  not  be  com- 
pletely full,because  the  sand  would  fill  the  spaces  between  the  gravel. 
Could  water  seep    through  the  cement  foundation  of  a  house?  Yes/No 


Why^ 


Contiijue  on  page  17C 


(From  page  17C)  ~ 
22B 

✓ 

Impenetrability  of  matter  is  shown  in  the  illustration  because  the  water 
level  rises.    The  object  being  lowered  into  the  water  takes  some  of  the 
water's  space, which  indicates  that  no  two  objects  can  occupy  the  same 
place  at  the  same  time. 


Continue  on  page  19C 


22 

241 


SELF-TEST 
MATTER 


Write  the  definition  of  matter. 


2.    List  the  three  states  of  matter. 

1.  m  

2. 


3. 


3. 


Identify  the  state  of  matter  by  waiting  a  G  for  gas,  S  for  solid, 
and  L  for  liquid  in  the  spaces  provided  between  each  set  of  diagrams, 
showing  the  transfer  of  states  of  matter  from  container  number  1  to 
container  nuiri>er  2.    The  lined  area  represents  the  space  occupied  by 
matter.  vl 

CONTAINER  NO.  I  CONTAINER  NO.  2 

a. 


( 


m 


w 


iiiiiiiii 
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4.    Match'  the  terms'  volume,  mass,  universal  attraction,  weight,  density, 

inertia,  porosity,  and  impenetrability  with  the  list  of  statements 
j       describing  these  terms. 

A.  ij/ll  matter  attracts  all  other  matter. 

B.  The  weight  of  a  unit  volume  of  matter. 

C.  Matter  lacks  the  ability  to  either 
—  start  or  stop  itself. 

D.  All  matter  is  granular  (space  between 
  particles) . 

E.  The  measure  of  the  amount  of  spfac^r 
which  matter  occupied. 

F.  The  measure  of  the  quantity  >of  matter 
  in  a  body.     It  is  constant 

  G.  The  measure  of  the  attractive  force  of 

the  earth  for  a  body. 

H.  No  two  objects  can  occupy  the  same 
place  at  the  same  time. 


1. 
2. 
3. 
4. 

5, 
6, 
7. 


Weight 
Volume 
Mass 

Universal 
at  tract  ion 

Density 

Inertia 

Porosity 


8.  Impenetrability 


Draw  the  ,!Magic  Circle"  for  weight,  volume,  and  density,  and  write 
the  correct  formula  for  finding  each  of  them. 


Weight 


Draw  the  magic  circle^here 


Volume   •  A 

Density   

Identify  each  of  the  following  phrases  or  statements  as  anelement, 
compound,  molecule,  or  atom.     Place  the  corrett  name  in  the  space 
provided  below  the  statement • 

a.  Matter  that  contains  several  different  elements. 


The  smallest  particle  of  an  element  that  can  combine  with 
other  particles  to  form  molecules . 


c.  Water,  trees,  dirt,  and  snow  are  all  examples  of 


24 


24, 
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d.  Gold,  hydrogen,  and  mercury  cannot  be  reduced  to  a  simpler  sub- 
stance by  chemical  me  artsy  They  are  known  as 


-  \ 

wn  to  the  smalrest  particle 


e.  A  substance  that  is  broken  down  to  the  smalrest  particle  possible 
and  still  retains  all  the  properties  of  that  substance  is  a/an 


f .  Each  particle  that  combines  with  other  particles  to  form  a  mole- 
cule  is  called  a/an 


g.  Matter  that  cannot  be  reduced  to  a  simpler  substance  by  chemical 
means  is  known  as  a/an 


 * 


25 

\  *     aTC-3hIpPARO  AFB  TEX.  71-9361 

244 


MfMfti 


^THK  MAr 


PROGRAMMED  TEXT  3ALR91630~I-4fri£.s- 


IT 


Department  of  Medicine 
School  of  Health  Care  Sciences 


CARDIOPULMONARY  LABORATORY  SPECIALIST 


BASIC  PHYSICS  ATOMIC  STRUCTURE 
,  and 
STATIC  ELECTRICITY 


July  1973 


Sheppard  Air  Force  Base,  Texas 


Original  Material  Prepared 

by 

Naval  Air  Technical  Training  Command 
(2TPT-5120-04) 


Designed  For  ATC  Course  Use 


DO  NOT  USE  ON  THE  JO* 

245 


10 -b 


PURPOSE  OF  STUDY  GUIDBS,  WORKBOOKS,  PROGRAMMED  TEXTS  AND  HANDOUTS 
,  ..        •       ~  /        1  / 

Study  Guides,  Workbooks ,/ Programmed  Texts  and  Handouts  are  training 
ATC  couraea"  auth°rlzed  by  Alr/Tr«ini«8  Command  (ATC)  for  atudent  use  in 

The  STUDY  GUIDE  (SG)  'presents  the  information  you  need  to  complete 
ui4    \.      instruction,  or/makee  assignments  for  you  to  read  in  other 
publicationa  which  contain/the  required  information . 

.  The  WORKBOOK  (WB)  /contain,  work  procedure,  designed  to  help  you 
achieve  the^learning  objectives  of  the  unit  of  instruction.  Knowledge 
acquired  free/  using  the'  study  guide  will  help  you  perform  the  missions 
or  exercises,  solve  the  problems,  or  anawer  queatlooj  presented  in  the 
workbook •  <  / 


The  STUDY  GUIDE  AND  WORKBOOK  (SW)  containe  both  SG  and  WB  material 
under  one  cover. /The  two  training  publicationa  are  combined  when  the  WB 
la  not  designed/^or  you  to  write  in,  or  when  both  SG  end  WB  are  Issued 
for  you  to  keep7.  ' 

*    The  MOGRAMMED  TEXT  (PI)  presents  information  in  planned  atepa  with 
provisions  ior  you  to  actively  reipohd  to  each  atep.    You  are  given 
immediate /knowledge  of  the  correctness  of  each  reaponae.    PTa  may  either 
replace  or  augmcpt  SGs  and  WB..  "y 

/The  IIANDOU?  (HO)  contains  supplementary  training  materials  in  the 
■/OI  flow  cherts,  block  dlagrama,  printouta,  caae  problema,  tablea 
■s,  chart.,  and  aimllar  materiala. 

/       Training  publicationa  are  deaigned  for  ATC  course  use  only.  They 
*re  updated  aa  necessary  for  training  purpoaea,  but  are  NOT  to  be  used  * 

on  the  Job  ss  suthoritstive  references  in  preference  to  Regulations. 

Manua*a„or  other  official  publications. 
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ASSIGNMENT  SHEET 


This  assignment  sheet  should  be  used  when; 

9     You  are  to  complete  only  a  part  of  this  text. 

#     Your  assignment  within  this  text  is  divided  into  two  or  more 
reading  periods. 


Your  instructor  will  make  assignments  by  identifying  specific  objectives, 
text  material,  and  review  questions. 


ASSiaitCNTS 


OBJECTIVES 
(by  No) 

TEXT  MATERIAL 
(by  page  and/or  frame) 

.  REVIEW  QUESTIONS 
(by  No) 

• 

<? 

- 

>. 

i 
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V 


OBJECTIVES 

1.  Write  the  definition  of  matter. 

2.  Define  a  molecule. 

3.  State  the  composition  of  a  molecule* 

4.  Define  an  atom. 

5.  List  the  three  parts  of  an  atom  and  state  which  parts  form  the 
nucleus. 

6.  Write  the  name  of  the  particle  that  has  a  positive  (♦)  electrical 
charge  and  forms  part  of  the  nucleus  of  an  atom.  f 

7.  Write  the  name  of  the  particle  that  has  no  electrical  charge  (N) 
and  forms  "part  of  the  nucleus  of  an  atom* 

8.  Write  tne  name  of  th?e  particle  found  in  an  atom  that  has  a  negative 
(-)  electrical'  charge. 

9.  Define  a  neutral  atom. 

10.  Define  a  positively  charged  atom. 

11.  Given  sketches  of  atoms,  select  the  atom(s)  having  a  positive  charge. 
12 •  Briefly  define  ^negatively  charged  atom. 

13.  Given  sketches  of  atoms,  select  the  atom(s)  having  a  negative  charge. 

14.  State  briefly  how  the  atomic  number  of  an  atom  is  determined* 

15.  Given  sketches  of  atoms,  determine  the  atomic  number  of  each. 

16.  State  briefly  how  the  atomic  weight  (mass)  of  an  atom  is  deteimined. 

17.  Civen  sketches  of  atoms,  determine  the  atomic  weight  (mass)  of  each. 

18.  Define  static  electricity. 

19.  Explain  briefly  in  writing  how  static  electricity  is  produced. 

20.  List  at  least  one  (1)  example  of  how  static  electricity  is  produced. 

21.  Write  the  law  of  charges  that  a^ply  to  static  electricity. 
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22.  List  at  least  two  (2)  hazards  of  static  electiricty  that  apply 
to  aviation. 

23,  List  at  least  three  (3)  devices  used  in  aviation  to  reduce  the 
hazards  of  static  electricity. 
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INTRODUCTION 

Are  you  aware  that  sound,  heat,  light,  electricity, and  radio  waves  are 
really  different  from  water,  air,  wood,  glass,  metals,  and  stone?  Sound, 
heat,  light,  etc.,  are  forms  of  energy,  whereas  water,  air,  wood,  etc.,  are 
composed  of  matter.    When  reduced  to  its   simplest  terms,  our  whole 
physical  universe  is  made  up  of  just  two  things,  energy  and  matter. 
During  this  lesson  on  Atomic  Structure  and  Static  Electricity^we  shall 
explore  a  little  of  both  these  subjects. 


a 
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1.    Anything  that  occupies  space  and  has  weight  is 
referred  to  as  matter* 

The  pencil  you  are  writing  with    and  the  paper  you 
are  writing  on    are  classified  as  . 

matter 

2.    Matter,  besides  being  in  solid  form  such  as  your 
pencil,  may  also  be  in.  either  liquid  or  gas  form. 
Therefore,  the  air  you  breathe  and  the  water  you 
drink  are  also  classified  as  y 

matter 

 1 

3*    Matter^ therefore,  may  be  found  in  1mree  forms,  which 
are                             ,                                    ,  and 

• 

solids , 

liquids, 

gases 

U.    The  chair  you  are  sitting  on  is  an  example  of 
matter  irf  the  solid  form. 
The  ocean  is  an  example  of  matter  in  the 
fonn. 

liquid 

5.    Therefore,  anything  around  us  is  an  example  of 
matter  in  one  form  or  another, because  it  all 
occupies  space  and  has  ,weight.    Consequently,  we 
say  that  matter  is  anything  that  occupies 
and  has  • 

space.  ** 
weight 

6.    The  definition  of  matter  is: 

CONTINUE  ON  NEXT  PAGE 
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Anything  that 
occupies  space 
and  has  weight. 

7.    If  we  could  take  some  matter ,  any  matter,  and  break 
it  down  to  the  smallest  particle  we  possibly  could, 
and  when  we  had  this  very  small  particle  it  was 
still  the  same  substance  that  we  started  with,  we 
would  then  have  a  molecule.    Therefore,  the  very 
smallest  bit  of  glass  that  can  still  be  identified 
as  glass  is  a  glass 

molecule 

8.    The  smallest  particle  of  any  matter  that  still 
contains  all  the  properties  of  thai;  matter  is  a 
molecule. 

The  smallest  bit  of  water  that  can  be  identified  as 
water,  is  a  water 

molecule 

9-    Define  a  molecule: 

The  smallest 
particle  of  any 
matter  that 
still  contains 
all  the 
properties  of 
that  matter. 

'■  ' —  1  

10.    Molecules  are  composed  of  smaller  particles  linked 
together.    These  smaller  particles  are  known  as 
atoms.    For  example,  we  already  know  that  the 
smallest  bit  of  v/ater  that  contains  all  the 
properties  of  water  is  a  molecule.    But  if  we  were 
to  break  down  this  molecule  of  water  (HoO), we  would 
no  longer  have  water,  but  instead  we  would  have  two 
atoms  of  hydrogen  (Hg)    and  one  atom  of  oxygen  (0). 
Therefore,  molecules  are  two  or  more 
linked  together.  v 
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atoms 

«- 

11.    If  two  or  more  atoms  linked  together  form  a 

•> 

molecule ,  then  we  could  say  that  a  molecule  is 
eoimaosed  of  two  or  more  linked 
together. 

atoms 

• 

12.    Molecules, there! ore ,  are  composed  of  two  or  more 
atoms                               together • 

linked 

"*~y  — 

Two  or  more  ] 
atoms  linked  / 
together.  \ 

r 

lU.    All  matter  can  be  classified  as  either  an  element 

or  a  compound*  S 
v        As  you  have  learned  previously,  an  element  is  matter 

J        that  cannot  be  broken  down  to  any  simpler  sub- 

«  stance.    Some  examples  of  elements  are:    gold,  iron, 
hydrogen,  oxygen. 

C? 

Compounds  such  as  salt,  sugar,  paper,  water  are 
substances  farmed  bv  a  combination  of  elempnt<5 

(NO  response  required) 

*> 

15 •    We  said  that  water,  which  is  a  compound,  is  com- 
posed of  hydrogen  and  oxygen.    Hydrogen  and  oxygen 
are     the  elements  which  have  combined  to  make  the 
compound  of  water  (H^6).    Sugar,  which  is  a  com- 
pound, is  composed  of  the  elements  of  carbon,  v 
hydrogen, and  oxygen.    In  this  case,  carbon, 
hydrogen, and  oxygen  are  the  which 
combine  to  form  the                                of  sugar. 
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elements 
compound 

16,    If  we  were  to  take  any  of  these  elements,  of  which  1 
there  are  presently  over  100  known,  and  tried  to  1 
break  them  down  chemically,  it  would  meet  wi^th  I 
failure •    As  an  example,  no  matter  what  is  done  to  I 
the  element  of  carbon,  you  get  nothing  but  carbon  1 
from  it.    The  reason  that  carbon  cannot  be  ehemi-  J 
cally  reduced  to  a  simpler  substance  is  that  1 
carbon  is  an                                •  | 

element 

** 

c 

* 

17.    The  smallest  particle  of  any  of  the4e  elements  is  1 
known  as  an  atom.                       S  I 
An  atom  is  the  smallest  particle  of  an  element  that  1 
can  combine  with  other  atoms  to  form  molecules,  1 
One^molecule  of  water  (Eq0)9 then, would  be  composed  1 
of  three  •  .  ,  ./             ,  two  hydrogen  and  one  oxygen*! 

atoms 

18.    An  atom  is  defined  as:  1 

The  smallest 
particle  of  aa 
element  that 
can  combine  with 
other  atoms  to 
form  molecules. 

19,    All  atoms  are  composed  of  a  number  of  parts*    The  I 

core  or  centermort  part  is  known  as  the  nucleus,  I 

The  nucleus  of  an  atom  may  be  compared  to  the  sun  1 

in  our  solar  system  around  which  planets  revolve,  1 

The  nucleus,  also  accounts  for  almost  all  the  weight  1 

(mass)  of  an  atom.    In  the  sketch  below,  notice  the  I 

)  1 

resemblance  of  an  atom  to  our  solar  system,     '  1 
S^+Z^K  SOLAR     ATOMIC  //^ — "0\  1 

( yff^1  STRUCTU5ej  (  #  )  J  I 

Tne  core    or  xxuiezinosv    pan*  01  sn  tiuom  i&  uic  ■ 

&  1 

,  1 
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•* 

20 .    The  nucleus  Of  an  atom  contains  two  of  the  tiiree 

main  parts  of  the  atom.    These  two  parts  are  the 
protoxi  and  the  neutron. 

wo  paroicies  i ounci  in  one  nucxeus  ol  an  atom 
are  the                           and  the 

proton 
neutron 

• 

21.    The  third  part  of  the  atom  is  the  electron.  The 

jt 

electron  revolves  or  orbits  around  the  nucleus,  as 
shown  in  the  sketch  below. 

fs*-*s^\  NUCLEUS 
ELECTRONS  J 

±iiKs  jLK*ru  oi  one  auom  wni^xi  oruios  around  tHe 
nucleus  is  the 

electron 

22  .v   The  parts  of  the  atom  that  form  the  nucleus  are  the 

and                                  and  the 
part  which  revolves  around  the  nucleus  is  the 

proton 

neutron 

electron 

23.    List  the  three  parts  of  an  atom. 
1. 

3. 

The  nucleus  is  composed  of  the 
and  . 
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1 .  Proton 
2 •  Neutron 
3..  Electron 

proton 

neutron 

24.    The  proton,  which  is  one  of  the  particles  found 
in  the  nucleus,  makes  up  part  of  the  weight  or 
mass  of  an  atom, 

The  proton,  which  makes  up  part  of  the  weight  or 
mass  of  an  atom,  is  found  in  the 

nucleus 

j 

25.    The  number  of  protons  found  in  the  nucleus  usually 
depends  on  the  type  of  material  in  question.    As  an 
example,  gold  has  79  protons  in  the  nucleus. whereas 
carbon  has  only  6.    As  you  can  see  by  these  figures, 
the  weight  of  an  element  is  partly  determined  by  the 
protons,  gold  being  heavier  than  carbon. 
One  of  the  particles  found  in  the  nucleus  of  an 
atom  that  makes  up  part  of  the  weight  or  mass  is 
the 

proton 

26.  ^The  proton  has  a  positive  electrical  charges 
the  symbol  used  for  the  proton  is  (+). 
Below  is  an  example  of  how  the  symbol  for  the 
proton  is  used  when  sketching  an  atom. 

^^^^^  WOTOMJl 

-4 

The  proton  is  the  particle  found  within  the  nucleus 
of  an  atom  that  has  a  electrical 
charge    and  the  symbol  is 

U 
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positive 

27  •    The  particle  found  within  the  nucleus  of  an  atom, 
that  has  a  positive  (+  )  electrical  charge  is  the. 

• 

proton 

*> 

i  

28.    The  neutron  is  the  other  particle  found  in  the 

.   nucleus  of  an  atom.    The  neutron,  along  with  the  j 

proton,  forms  almost  all  the  weight  or  mass  of  an  J 

'  .j 

atom.    Almost  all  the  weight  of  an  atom  is  found 
in  the           .                     3  which  is  made  up  ,of 

 protons  and  „  *  

r 

nucleus 
neutrons 

■ 

\ 

«3 

29.    The  neutron  is  electrically  neutral.    It  has 
neither  a  positive  dor  a  negative  electrical 
charge    and  the  syrtbol  for  the  neutron  is.N. 
Shown'  below  isajar  example  of  how  the  symbol  for 
the  neutrons  would  be  used    when-  sketching  an  atom. 

/    0Ksk  y  ]      -  NEUTRONS 

* 

The  neutrbn  is  the  particle  found  within  the 
nucleus  of  an  atom    that  is  electrically 

and  the  symbol  is  • 

CONTINUE  ON  NEXT  PAGE 
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neutral 
N 

30  •    Tne  name  of  tne  particle  tnat  nas.  no  execxricax 

charge  (N)    and  is  found  in  the  nucleus  of  an  atom 
is  the 

neutron 

31  •    The  third  part  of  an  atom  is  the  electron. 

Electrons  are  the  particles  that  are  in  orbit 
around  the  nucleus.    The  following  sketch  shows  how 
the  electrons  might  look  in  relation  to  the  rest  of 
the  atom: 

The  part  of  the  atom  that  orbits  or  revolves 
around  the  nucleus    is' the 

electron 
• 

32.    Earlier  we  said  that  almost  all  the  weight  of  an  atom 
was  found  in  the  nucleus.    The  weight  of  an  electron, 
in  relation-  to  the  rest  of. the  atom,  is  insignif i- 
cant .    In  reality,  an  electron  weighs  about  I/18U5 
as  much  as  a  proton. 

The  weight  of  an                                 is  insignifi- 
cant in  relation  to  the  overall  weight  of  an  atom. 

♦ 
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33*    Electrons  have  a  negative  electrical  charge? 

the  symbol  for  the  electron  is  (-)•    Shown  below  is 

i  a 

an  example  of  how  the  symbol  for  the  electron  would 
be  used  when  sketching  an  atom. 


ELECTRONS 


The  electron  is  the  part  of  an  atofli  that  orbits  or 
revolves  around  the  nucleus .    It  has  a 
electrical  charge^  the  symbol  being    . 


negative 
(-) 


31*-.    The  name  of  the  part  of  an  atom  that  has  a  negative 
electrical  charge  is  the   . 


electron 


35 •    Up  to  this  point,  we  have  been  talking  about  the 

individual  parts  ^>f  an  atom.    Now  let's  combine  all 
these  parts  and  see  how  an  atom  really  looks.  In 
the  sketch  of  an  atom  shown  below,  note  the 
location  of  the  various  parts. 


Remember  that  the  proton  (+)  and  the  neutron  (n) 
form  the  nucleus  of  an  atom    and  the  electrons  (-) 
are  in  orbit  or  revolving  around  the  nucleus.  In 
the  space  provided,  draw  a  picture  of  an  atom  having 
five  (5)  protons,  four  (U)  neutrons, and  five  (5) 
electrons. 
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The  orbits  that  the  electrons  make  around  the 
nucleus  are  referred  to  as  shells .   .There  may  be 
'any  ntariber  of  these  shells,  up  to  seven  each 
shell  having  a  number  of  electrons  prbiting  in  it. 
Below  is  an  example.    The  atom  shown  is  one  of 
nitrogen.    Notice  this  atom-has  two  (2)  shells,* 
the  outer  one  having  five  (5)  electrons    and  the' 
inner  one  having  two  (2)  electrons. 


The  paths  in  which  the  electrons'  orbit  are  referred 
to  as   •  & 


shells 


37. 


As  we  already  know,  an  atom  may  have  a  number  of 
shells  with  a  number  of  electrons  orbiting  in  each 
shell,  but  under  normal  conditions .the  number  of 
electrons  found  in  an  atom  will  be  £he  same  as  the 
number  of  protons.    In  other' words,  normally  there 
is  one  electron  for  each  proton.    In  the  sketch  * 
shown  &below,  assuming  conditions  are  normal,  there 
should  be  how  many  electrons  in  orbit?  (Circle 
correct  answer.)  ' 


l.    8      b.  16 


CONTINUE  ON  NEXT  PAGE 


2  SO 


Page  11 


a.  8 

38.    Even  though , under  normal  conditions,  there  should  be 

one  electron  for  each  proton,  this  does  not  have  any 

influence  on  the  number  of  neutrons  in  the  nucleus. 

In  some  atoms, there  may  be  the  same  number  of 

neutrons  as  there  are  protons,  while  in  other  atoms, 
» 

there  may  be  more  neutrons  than  protons.  Some 
examples  of  this  are:    Nitrogen  7  protons  (+)  and  7 
neutrons  (N)    and  gold  79  protons  (+^and  118 
neutrons  (N). 

Even  though  there  may  be  more  or  less  neutrons  than 
there  are  protons  in  an  atom,  under  normal  con- 
ditions there  should  be  one 
for  each 

electron 
proton 

39.    Since  the  proton  (+ )  is  a  positively  charged 
particle    and  the  electron  (-)  is  a  negatively 
charged  particle,  the  atom  under  normal  conditions 
should  be  electrically  neutral.    Atoms, then,  under 
normal  conditions, are  said  to  be  electrically 

neutral 

UO.    The  reason  that  under  normal  conditions  atoms  are 
said  to  be  electrically  neutral  is  that  there  are 
the  same  number  of  protons  as  electrons    and  the 
positive  electrical  charges  of  the  protons  balance 

out  the  negative  electrical  charges  of  the  electrons. 

Therefore, a  neutral  atom  is  one  that  has  the  same 

number'  of  as 
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electrons 


him    A  neutral  atom  is  one  that 


has  the  same 
number  of 
protons  as 
electrons. 


U2.    Now  that  we  know  what  a  neutral  atom  is,  let's  talk 
about  a  positively  charged  atom.    A  positively 
charged  atom  is  one  having  a  deficiency  (fewer)  of 
electrons.    If  an  atom  has  fewer  electrons  than 
protons, it  would  be  ;  ,  charged. 


positively 


1*3.    Atoms  having  a  positive  charge  are  the  result  of  an 
atom  losing  one  or  more  of  the  orbiting  electrons. 
In  some  atoms,  the  electrons  that  are  in  the  shell 
farthest  from  the  nucleus  are  very  loosely  bound  to 
the  nucleus    and, the re fore,  are  comparatively  free 
to  move  from  atojn  to  atom.    The  electrons  that  move 
from  atom  to  atom  are  called  free  electrons.  Elec- 
trons that  move  comparatively  easily  from  atom  to  atom 


are 


free  electrons 


hh.    Because  these  free  electrons  are  able 

to  move  from  atom  to  atom,  we  find  then  that  it  is 
possible  to  have  an  atom  that  is  deficient  in  elec- 
trons.   In  other  words, if  we  had  a  neutral  atom,  and 
it  lost  one  or  more  of  its  electrons*  then  the  atom 
would  be  deficient  in  electron^,  or  it  would  have 
fewer  electrons  than  protons. 

An  a£om  having  a  deficiency  of  electrons  is  one  that 
£as       ■    electrons  than  protons. 
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fewer 

U5.    Now  we  already  know  that  protons  have  a  positive 
electrical  charge    and  electrons  have  a  negative 
electrical  charge.    If  we  had  a  neutral  atom  (one 
having  the  same  number  of  protons  as  electrons)  and 
it  lost  one  or  more  of  its  orbiting  electrons,  then 
the  result  would  be  an  atom  having  a  deficiency  of 
electrons,  or  fewer  electrons  than  protons,  which 
in  turn  would  result  in  a  positively  charged  atom. 
Therefore,  a  positively  charged  atom  is  one  having 
a  deficiency  of 

electrons 
> 

  %                                               ■  ■   

^6.    Write  the  definition  of  a  positively  charged  atom. 

An  atom  having 
a  deficiency  of 
electrons • 

U7.    Keep  in  mind, now. that  a  positively  charged  atom  is 
one  having  a  deficiency  of  electrons.    Shown  below 
is  a  sketch  of  what  a  positively  charged  atom  might 
look  like. 

Notice  there  are  six  (6)  protons  in  the<  nucleus,  but 
only  five  (5)  electrons  in  orbit.    This, then,  is  a 
positively  charged  atom,  because  it  has  a  deficiency 
of  electrons.    In  the  space  provided  below,  draw  and 
label  a  positively  charged  atom. 
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OR 

EQUIVALENT 

U8.    From  the  sketches  shown  below,  select  the  atora(s) 
having  a  positive  electrical  charge, 

ABC 

A  &  C 

1+9 .    Up  tc  this  point, we  have  been  talking  about  neutral 
atoms  and  positively  charged  atoms;  now  let's  find 

out  what  a  negatively  charged  atom  is.    A  negatively 

/ 

charged  atom  is  one  having  an  excess  of  electrons 
^more  execurons  unan  prouonsy.    n  an  atom  >w^d.  more 
electrons  than  protons, it  would  be  jr 
charged. 

negatively 

50.    Earlier  we  talked  about  free  electrons  moving  from 
atom  to  atom.    Well,  if  one  or  more  free  electrons 
moved  to  an  atom  that  was  neutral,  in  other  words, 
one  having  the  same  number  of  protons  as  electrons, 
the  result  would  be  an 'atom  having  an  excess/of 
electrons,  or  more  electrons  than  protorisT    If  a 
free  electron  moved  to  an~ already  neutral  atom,  the 
result  would  be  * an  atom  with  an  of 
electrons . 

t 
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51.    Therefore,  if  an  atom  has  an  excess  of  electrons 
(electrons  "being  negatively  charged),  the  result 
would  be  an  atom  having  more  negatively  charged 
electrons  than  positively  charged  protons,  and  in 
turn  the  entire  atom  would  have  a  negative  charge. 
If  an  atom  has  more  electrons  than  protons,  it  is' 

V  I   said,  to  he  charged. 

negatively 

52.    Define  a  negatively  charged  atom. 

An  atom. having 
an  excess  of 
electrons • 

9b 

53-    Remember,  now,  that  a  negatively  charged  atom  is  one 
■    having- an  excess  of  electrons*    Shown  below  is  a 
sketch  of  what  a  negatively  charged  atom  might  look 
like. 

Notice  there  are  five  (5)  protons  in  the  nucleus, 
but  there  are  six  (6)  electrons  in  orbit.    This, then, 
is  a  negatively  charged  atomtbecause  there  is  an 
excess  of  electrons. 

In  the  space  provided,  draw  and  label  a  negatively 
charged  atom. 

6 
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5^.    From  the  sketches  shown  below,  select  the  atom(s) 
having  a  negative  electrical  charge • 

B  &  C 

55 •    All  elements  are  listed  under  what  is  called  the 
"Periodic  Table  of  Elements".    This  is  an  orderly 
arrangement  of  all  t^e  elements  in  ascending  atomic 
number.    This  is  what  we  are  going  to  talk  about 
now.    The  atomic  ^number  of  an  atom  is  determined  by 
the  number  of  protons  found  in  tljg  nucleus.  Know- 
ing the  number  of  protons  in  the  nucleus  of  an  atom 
will  give  us  the  atomic  ♦ 

number 

> 

V 

56.    Each  element  has  an  atomic  number,  which  we  said  can 
be  determined  by  the  number  of  protons  in  the  * 
nucleus.    In  the  carbon  atom, for  example,  there  are 
six  (6)  protons.    Therefore,  the  atomic  number  of 
^carbon  is  six  (6). 

To  determine  the  atomic  number  of  an  element, we  can 
count  the  number  of                                  in  the 
kt    nucleus  • 

CONTINUE  ON  NEXT  PAGE  266 
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protons 

a t p  hripflv  hnw  the  atomic  number  of  an  atom  is 
determined. 

By  counting 
number  of 
protons  in  v£be 
nucleus.  J 

58.    Knov/jng  the  number  0^  protons  in  th£  nucleus,  th<£n» 
wjli  give  us  the  atomic  number  cf       acorn.  The. 
atomic  ranker  of  the  atom  shown  below  would  be: 
(Circle  correct  answer.) 

b.  1? 

9 

59*    Determine  the  atomic  number  of  each  of  the  atoms 
shown  below.  * 

A  B 

\ 

^^^^^^^ 
Atomic  Number                               Atomic  Nxunber 

—  
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weight  (mass) 


60.    Along  with  the  fact  that  the  elements  are  listed  by 
their  atomic  number,  they  are  also  listed  in  the 
.    "Periodic  Table  of  the  Elements"    by  their  atomic 
weight  or  mass.    To  determine  the  atomic  weight 
(mass)  of  an  element, all  that  is  necessary  is  to 
count  the  total  number  of  particles  (protons  and 
neutrons)  found  in  the  nucleus. 

Counting  the  total  number  of  particles  (protons  and 
neutrons)  found  in  the  nucleus  of  an  atom  will 
determine  the  atomic 


6l.    For  example:    The  copper  atom  has  29  protons' and 
35  neutrons  contained  within  the  nucleus.  To 
determine  the  atomic  weight  of  copper,  we  simply  add 
.  the  number  of  protons  to  the  number  of  neutrons  to 

obtain  the  total  number  of  particles  in  the  nucleus. 
.  The  atomic  weight  (mass)  of  copper, then, would  be  6U. 
To  determine  the  atomic  weight  (mass)  of  an  element, 

we  must  count  the  total  number  of   

found  in  the  nucleus. 


particles 
(protons, 
neutrons)^ 


62.    The  atomic' weight  of  an  atom  is  determined  by: 


ERIC 
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63.    If  the  atomic  weight  (mass)  of  an  atom  is 

determined  by  finding  the  total  number  of  particles 
found  in  the  nucleus,  the  atomic' weight  of  the 
atom  shown  belcv«  would  be: 

a.  26 

b.  30 

c.  1U 

d.  56 


6U,    From  the  sketches  of  atoms  shown  below,  determin^ 


the  atomic  weight  (mass)  of  each, 
A  B 


Atomic  Weight 


Atomic  Weight 


• 

26  j. 
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A. 

108 

65. 

Now  that  we  have  covered  the  portion  of  the  program 

B. 

201 

xnax  applies  to  atomic  structure,  let's  find  out 
what  atomic  structure  has  to  do  with  electricity. 
No  response  required * 

f 

66. 

t  — ,  _   ,  

In  the  remaining  portion  of  this  programme  will  be 

learning  abo^fc  the  most  ba^Lc  type  of  electricity, 

/ 

wnicn  is  static  electricity  \ electricity  at  rest). 
The  next  portion  of  this  program  is  about 

• 

static 
electricity 

67. 

The  occurrence  of  static  electricity  or  electrifi- 
cation can  be  observed  in  a  number  of  ways.  You 

*  * 
sometimes  experience  an  annoying  shock  when  you 

touch  the  door  handle  of  an  automobile  after  sliding 

over  plastic  seat  covers.    You  may  feel  a  shock 

after  walking  across  a  wool  carpet  and  touching  a 

metal  door  knob  or  other  metal  object.    The  slight 

crackling  sound  that  is  heard  when  dry  hair  is 

brushed  and  a  tendency  of  sheets  of  paper  to  resist 

separation^are  other  examples  of  the  occurrence  of 
electricity.    Static  electricity  or  electrification 

is  the.  process  of  producing  an  electric  charge  on  an. 

object.    The  object  is  said  to  be  charged  with 

electricity.    Because  this  charge  is  confined  to  the 

object,  it  is^sariarto  be  an  electrostatic  charge. 

Thus,  static  electricity  is  electricity  at  rest.  Nc 
response  required. 

CONTINUE  ON  NEXT 

PAGE 
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*• 

68,    The  word  "static"  means  not  moving  or  at  rest. 

Therefore,  static  electricity  means  electricity  at 
• 

69.    Electricity  that  does  not  move  is  known  as 

static 
electricity 

70.    Static  electricity  is 

• . 

electricity 
at  rest. 

71.    Static  electricity  is  produced  by  friction.  The 

friction  of  one  object  passing  across  another  object 
will  produce 

static 
electricity 

< 

 v—^  ^  ^  

72.    RubbingNa  glass  rod  across  a  piece' of  silk  will 
cause  friction  between  the  glass  and  the  silk. 
This  will  produce  • 

static 
electricity 

73  •    To  produce  static  electricity,  yoif  have  to  have 

between  two  or  more  objects. 

friction 

j  . 

7h.    Jfow  is  static  electricity  produced?  , 

By  friction 
between  two 
c    more  objects  . 

75*    We  have  already  learned  that  frictionybetween  glass 
and  silk  would  produce  static  electmcity.  Also, 
the  air  passing  over  the  skin  of  an  aircraft  will 
produce  / 
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static 
electricity 

76.    List  one  example  of  how  static  electricity  is 
produced. 

Rubbing  glass 
across  silk. 
Air  passing 
over  an  air- 
craft or 
equivalent • 

 1                                            ;  : 

J7*    Static  electricity,  even  though  it  is  at  rest,  will - 
have  some  kind  of  a  charge.    This  charge  will  either 
be  positive  or  negative,  depending  on  the  amount  of 

electrons.    The  charge  will  depend  on  the  amount  of 

j 

electrons 

> 

78.    If  our  object  is  positively  charged,it  will  have  a 
deficiency  of  electrons.    Which  of  the  two  objects 
below  is  positively  charged? 

I  J        V_>*^GLASS  ROD  T 

glass  rod 

79*    If  two  objects  are  positively  charged, they  will 
repel  or  push  each  other  away.    This  is  the  first 
law  of  charges.    Like  charges  will 

repel 

80.    The  first  law  of  charges  is: 

4 

1  ' 

CONTINUE  ON  NEXT  PAGE  - 
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81 •    The  second  type  of  charge  is  the  negative  charge* 

An  object  is  said  to  have  a -negative  charge  if  there 
is  an  excess  of  electrons.    If  an  object  has  an 
excess  of  electrons,  it  is   charged. 


negatively 


82«    Which  ipf  the  two  objects  below  has  a  negative 
charge?  a 

SILK 


GLASS  R00 


The  silk 


83*  .  The  second  law  of  charges  is:    IfriHTcp  charges 

attract.    If  you  had  two  objects,  one  negatively 
charged  and  the  other  positively  charged,  what  would 
happen?    


They  would 
attract  each 
other. 


81*.   The  cecond  law  of  charges  is: 


273. 
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Unlike  charges 

attract . 

85.    Usually,  these  «two  laws  are  written  as  one.  This 

Is:         Like  charges  repel,  unlike  charges  attract. 
Write  the  law  of  charges  that  apply  to  static  - 
electricity. 

Like  charges 
repel,  unlike 
charges  attract. 

86.    We  already  know  that  if  two  objects  are  charged,  one 
positive  and  the  other  negative,  these  objects  will 
attract  each  other.    When  these  two  objects  are 
brought  together, the  charges  wiBT  try  to  equalize 
out.    When  this  happens^ there  will  be  a  small  spark 
.between  the  two  objects.    This  sp^trk  is  the  hazard 
of 

static 
electricity 

87*    Static  electricity,,  although  of  no  practical  value 
in  aviation, «is  always  present  as  a "hazard.  Static 
eleqtricity  around  aircraft  is  always  a 

hazard 

* 

88.    The' small  spark  that  is  the  hazard  of  static  elec- 
tricity   could, and 'sometimes  does,  cause  fires.  The 
greatest  hazard  of  static  electricity  around  air- 
craft is 

fire 

'*V  

89.    Fire, of  course, is  the  greatest  hazard  of  static 

electricity.    Static  electricity  will  also  cause 

radio  interference    and  it  could  also  shock  you. 

The  three  hazards  of  static  electricity  are: 

>  .and 
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fire,  shock, 
and  radio 
interference, 


,   Page  gs  

90.    Now  that  we  know  what  the  hazards  of  static  elec- 
tricity are,  and.  we  also  know  that  static  elec- 
tricity is  of  no  practical  value  to  us,  we  must  now 
learn  how  to  guard  against  static  electricity.  No 
response  required. 


91.    There  are  several/devices  used, to  reduce  the  hazards 
of  "static  eledtricity.    The  first  is  the  grounding 
-  wire*    The  first  device  we  are  going  to  learn  about 
is  the 


grounding  wire 


92.    A  grounding  wire  is  a  conductor  used  to 'connect  an 
object  to  the  earth  to  eliminate  static  dharges. 
The  chain  hanging  off  the  back  of  a  gasoline  truck 
0  is  an  example  of  a  .  


grounding  wire 


93-    A  grounding  wire  is  used  to, connect  airplanes  and 

# 

'fuel  trucks  to  the  earth  during  refueling.    In  the 
drawing  in  thi£  frame, there  are  four  (U)  grounding 
wirfes  being  used.    Which  of  the  labeled  lines 
represent  grotoding  wires? 


GROUND 


/• 
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A,  B,  C,  &  D 

9h*    List  the  device  used  to  connect  an  object  to  the 
earth* 

grounding  wire 

• 

95*    The  next  dfevice  used  to  conne&t  an  aircraft  to  the 

gruunu.  is  wie  ooauic  concLucuop  oxrct     ins?  glcvicci  1 
^          that  grounds  the  aircraft  during  landings  is  the  " 

static  conductor 
tire 

96.    The  static  conductor  tire  is  a  tire  with  powdered 

CCL1  UVJil   ill  1  A.KU           **Xwll    Ollc    1  uuuci  •       1,11c  u.ai  uuxi    10  vvuclo 

grounds  the  airplane.    A  tire  with  carbok  in  it  is 
called  a  < 

static  conductor 
tire 

o 

97*    List  the  two  devices  used  to  reduce  the  hazards  of 
ouduic  cjLcCbriciby  ullcao  we  nave  covered  so  isir. 

and 

Grounding  wire 

Static  conductor 
tire 

r 

98.    The  next  device  is  the  bonding  wire;    A  bonding  wire 
is  a  conductor  that  is  used  to  connect  parts  of  a 
plane  that  are  normally  insulated  from  each  othe^r. 

1U    t-vJlillCt- O    d    _p^tl  O     IjU    all    aliLrcll  L»    OU    XlVJ    UU 11U  llfcJ  Ul 

charges  would  occur,  a 

would  be  used. 

bonding  wire 

<  A 

99*    Usually, radios  are  installed  In  aircraft  on  rubber 
f        mounts.  fc  The  rubber  mount  insulates  the  radio  from 

•    the  aircraft.    This  is  one  case  where  a 

would  be  used. 
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bonding  wire 

100.    List  the  devices  used  to  connect  parts  of  a  plane 
that  are  insulated  from  each  other. 

bonding  wire 

Or. 

101.    The  last  device  is  the  static  discharger.  The 

static  discharger  is  a  rubber-covered  cotton  wick 
impregnated  with  graphite.    A  cotton  wick  that  is 
impregnated  with  graphite  and  covered  with  rubber 
is  a  • 

static 
discharger 

102.    The  static  discharger  is  attached  to  the  trailing 
edge  of  wings,  rudders,  and  elevators.    There  are 
as  many  as  necessary  installed  on  an  aircraft.  The 
device  installed  on  the  trailing  edge  of  an  aircraft 
wing  is  a 

static 
discharger 

103«    The  static  discharger  has  a  sharp  point  on  the  end 
and  this  gives  the,  excess  electrons  a  path  to  flow 
off  the  aircraft.    To  permit  a  rapid  discharge  of 
electrons, the 

has  a  sharp  point  on  the  end. 

static 
discharger 

• 

10U.    The  main  purpose  of  a  static  discharger  is  to  elimi- 
nate the  static  charge  that  is  built  up  during 
flight.    To  eliminate  the  charge  on  an  aircraft 
during  flight,  a 
is  used. 

CONTINUE  6n  NEXT  PAG| 
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static 
discharger  ' 

105.    List  the  device  used  to  eliminate  static  charges  on 
an  aircraft  during  flight.  ^ 

• 

static 
discharger 

1 

Now,  let's  review  all  we  have  covered  on  atomic 
structure,  and  st>atic  electricity. 

106.'   Anything  that  occupies  space  and  has  weight  is 
referred  to  as                               .  ' 

r 

matter 

107.    Matter  may  be  found  in  three  (3)  forms    and  these 

are                          ,                              %  and    ^         %  , 

solids, 

liquids, 

gases 

■                                 *  ;    .  

108.    Matter,  then, is  anything  that  space 
and  has 

occupies 
weight 

109.    -The  smallest  particle  of  any  matter  that  still 
contains  all  the  properties  of  that  matter  is  a 

• 

molecule 

110.    The*  smallest  bit. of  water  that  can  be  identified  as 
water    is  a  water 

^olecule 

LU.    Therefore,  a  molecule  is  the 

particle  of  any  matter  th^£  still  contains  all  the 

of  that  matter. 

snail  e:;t 
proper  Li  e;i 

9 

LI.'1.    Molo'-uloa  are- composed ^of  smaller  partifcd.es  linked  , 
tocethc:'.    Theue  smaller  partible:;  arc  known  an 

CC'JTINUE  ON  I.'EXip  PAGE  *    .      '  \  * 


.    •'  "       •    \        ~  276 


Page  29 


atoms 

113.    Two  or  more  atoms  linked  together  will  compose  a 

 i—: 

molecule 

llU.    Molecules 9 therefore, are  composed  of  two  or  more 

f , 

atoms                           together • 

linked 

115.    The  smallest  particle  of  any  element  is  known  as  an 

• 

atom 

U6.    Therefore,  an  atom  is  the  smallest  particle  of  an 
element  that  can  combine  with  other  atoms  to  form 

• 

molecules 

117.    An  atom  is  composed  of  three  (3)  parts, which  are  the 

y                            y  and  • 

proton     „  * 

neutron 

electron 

118  •    The  two  particles  found  in  the  nucleus  of  an  atom 
are  the                            and  the 

proton 
neutron 

119,    The  name  of  the  particle  found  .in  the  nucleus  of  an  ' 
jjtom  that  has  a  positive  electrical  charge  is  the 

• 

proton 

V. 

120.    The  proton  has  a  positive  electrical  charge    and  is 
found  in  the                              of  an  atom. 

nucleus' 

0 

121.    The  name  of  the  particle  found  in  the  nucleus  of  an 
atom  that  is  electrically  neutral  is  the 

— -'     .  . 
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.neutron 

122,    The  neutron  has  no  electrical  charge  and  it  is 
found  in  the        ^                      of  an  atom. 

tj 

nucleus 

123.    Thecname  of  the  particle  that  has  a  negative  elec- 
trical charge    and  is  in  orbit  around  the  nucleus 

of  an  atom  is  Ahe 
/ 

electron 

12k.    The'  electron  has  a  negative  electrical  charge  and  is 
/      .I^ynd . in                       around  the  nucleus  of  an  atom. 

 :  

orbit 

125.    An  atom  having  the  same  number  of  protons  as  elec- 
trons  is  said  to  be  a  atom. 

neutral 

z             .              -     -  - 

126.    A  neutral  atom  is  one  having  the  same  number  of 

as 

protons 
electrons 

127.    An  atom  having  a  deficiency  of  electrons  is  said  to 
be  a                                     charged  atom. 

positively 

A  positively  charged  atom  is  tike  having 
electrons  than  protons. 

fewer  or  less 

1 

129.  ^  An  atom  having  an  excess  of  electrons  is  said  to  be 
a                                   Q     charged  atom. 

negatively 

130.    A>  negatively  charged  atom  is  one  having 
electrons  than  protons . 

more 

 =  &  1  ■  

131  •    If*  we  counted  the  number  of  protons  in  the  nucleus 

of  an  atom, this  would  give  us  the  atomic 
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number 

132.    Therefore,  the  atomic  number  of  an  atom  can  be 

c 

^Pt.prm<nfid  by  counting  the  number  of 
in  the  nucleus. 

protons 

133 .    By  counting  the  total  number  of  particles  found  in 
the  nucleus  of  an  atom,  this  would  give  us  the  * 

.  •  ■  \  . 

1  atomic 

-4 —  ■  = — — 

weight 

I3U.    Therefore,  the  atomic  weight  of  an  atom  is 

**                                              ■  . 

t        determined  by  counting    ■       -         *  u 

\* 

found  in  the  nucleus. 

* 

al  1   nr  "fcn"fcaT_ 
number  of 
particles 

1^5.    Static^  electricity  is  electricity  at 

rest 

1^6.    Static  electricity  is  prdduced  by 

friction 

137. .  List  one  example  of  how  static  electricity  is 

• 

^     d reduced • 

\                        .                          —  * 

\                  •«  * 

Rubbing  a  glass 
rod  with  silk  or 
eauivalent • 

 *  *—  c  

138.    Write  the  law  of "charges  that  apply  to  static 

electricity. 

— ^  .  t  — 

Like  charges 
repel ,  unlike  . 
charges  attract . . 

L39.    List  the  hazards  of  static  electricity  arofund  *air-  \ 
craft. 

K                                        *  t 

r 

M   | 
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Fire,  shock, 
%nd  radio 

-List  the  devices  used  to  reduce  the  hazards  of 

•  interference. 

aocibjLu  cicutricii»y  drouncL  axrcraix*  - 
 = — ;  £  ;  

Grounding  wire, 
bonding  wire, 

1M. 

This  is  the  end  of  your  lesson  on  Atomic  Structure 

static  dis- 
charger,  static 

and  Static  Elect ricity^If  there  -is  anything  you 

conductor  tire 
(any  order) 

did  not  understand,  refer  -back  to  the  page  or  pages 
covering  that  subject.    Finally^ return  to  the 

objectives  on  pages  ii  and  iii,  and  it  you  think** 
you  can  do  wh£t  they  require  of  you,  then  you  are 
ready  for  the  Self-Test.  " 

# 

<                        ,  % 

■ 

ii  * 

.  -      *  *  i 
1 

V 
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ATOMIC  STRUCTURE 
AND 

STATIC  ELECTRICITY 
SELF-TEST 


1.    Write  the  definition  of  matter. 


2.    A  molecule  is  defined  as: 


3.    State  the  composition  of  a  molecule. 


h.    Write  the  definition  of  an  atom. 


%    The  three  parts  of  an  atom  are:  * 
1. 

2.  '  , 

3. 

The  nucleus  is  composed  of « which  ^iarts? 


.    The  name  of  the  particle. that  form?"  part  of  the  nucleus  of  an  atom 
and  has  a  positive  electrical  charge  (+)  is  the 


7.    Write  the  name  of  the  particle  that  foras  part  of  the  nucleus  of  an 
atom    and  has  no  electrical  charge  (N) .  '  -  ■ 


8,    The  name  of  the  particle  found  in  an  atom  that  has  a  negative 
electrical  charge  (-)  is  0  0 


9.    Briefly  define  a  neutral  atom. 

^  4  ■ 


CONTINUE  ON  NEXT  PAGE 

28o 


25 


10.    A  positively  charge:!  atom  is  one  defined  as; 


11.    From  the  sketches  of  atoms  shown  below,  select  the  atom(s)  which  havr 
a  positive  electrical  charge. 


A  B 
Write  your  selections )  here, 


12.    The  definition  of  a  negatively  charged  atom  is; 


F:*cm  the  sketches  of  atoms  shown  below,  select  tto:  atom(s)  which  have 
a  negative  electrical  charge.  \ 


A  B 

Write  your  selection(s)  here. 


IV.    State  briefly  how  the  atomic  number  of  an  atom  is  determined. 
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154.   From  the  sketches  of  atoms  shown  below,  determine  the- atomic  number 
of  each* 


mm 


Atomic  Number 


Atomic-  Number 


16.    State  briefly  how  the  atomic  weight  (mass)  of  an  atom  is  detenpined. 


XI*    From  the  sketches  of  atoms  shown  below,  determine  the  atomic  weight 
(mass)  of  each,  s 


Atomic  Weight 


Atomic  Weight 
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hB,    Define  static  electricity. 


19.    Explain  brief ly 


,  in  writing,  how  static  electricity  is  produced. 


20.    List  at 


w  one  example  of  how  static  electricity  is  produced. 


21.   Write  the  law 


of  charges    that  apply  to  static  electricity. 


22.    List  at  least  two  hazards  of  static  electricity  that  apply  to 
aviation 1 


23. 


List  at  least  three  devices  used  in  aviation  to  reduce  the  hazards 
of  static  electricity. 
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PURPOSE  OF  STUDY  GUIDES,  WORKBOOKS,  PROGRAMS  TEXTS  AMD  HANXOTS 

Study  Guides,  Workbook*,  Programmed  Text*  And  Handouts  arc  training 
publications  authorized  by  Air  Training  <Command  (ATC)  for  student  use  in 
ATG  courses. 

The  STUDY  GUIDE  (SG)  presents  the  intonation  you  need  to  compUte 
the  unit  of  instruction,  or  makes  assignments  for  you  to  read  in  other 
publications  which  contain 'the  required  information. 

The  WORKBOOK  (WB)  contains  work  procedures  designed  to  help  you 
achieve  the  learning  objectives  of  the  unit  of  instruction.  Knowledge 
acquired  from  using  the  study  guide  will  help  you  perform  the  ■lesions 
or  exercises,  solve  the  problems,  or  answer  questions  presented  in  the 

workbook. 

The  STUDY  GUIDE  AND  WORKBOOK  (SW)  contains  both  SG  and  WB  material 
under  one  cover.    The  two  training  publications  are  combined  when  the  WB 
Is  not  designed  for  you  to  write  In,  or  when  both  SG  end  WB  are  learned 
for  you  to  keep. 


The  PROGRAMMED  TEXT  (PT)  presents  information  In  planned  step*  with 
provisions  for  you  to  actively  respond  to  each  step.    You  are  given 
ianedlete  knowledge  of  the  correctness  of  eech  response.    PTs  may  either 
replece  or  augment  SGs  and  WBs. 

The  HANDOUT  (HO)  contains  supplementary  training  materials  in  the 
form  of  flow  charts,  block  diagrams,  printouts,  case  problems,  tables .  1 
forme,  charts,  and  similar  materials. 

*  .         ..  I. 

Training  publications  are  designed  for  ATC  course  use  only.  They 
ere  updated  as  necessary  for  training  purposes,  but  are  NOT  to  be  used 
on  the  job  as  authoritative  references  In  preference  to  Regulations, 
Manuals  or  other  official  publications. 
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ASSIGNMENT  SHEET 


This  assignment  sheet  should  be  used  when: 

9    You  are  to  complete  only  a  part  of  this  text. 

•    Your  assignment  within  this  text  is  divided  into  two  or  more 
reading  periods. 

Your  instructor  will  make  assignments  by  identifying  specific  objectives, 
text  material,  and  review  questions. 


OBJECTIVES 
(by  No) 

TEXT  MATERIAL 
(by  pace  and/or  frame) 

REVIEW  QUESTIONS 
fby  No) 

i 

i 

> 

• 

u 

( 

j 

4 

0 

* 

23u 


WORK,  POWER  AND  ENERGY 

■ 

* 

(Electrical) 

OBJECTIVES: 

•  i  t 

1. 

State  the  basic  formula  for  electrical  power. 

2. 

State  the 

unit  of  measurement  for  electrical  power. 

3 . 

State  the]: 

relationship  of  horsepower  to  watts. 

4. 

Given  Selected  values  of  voltage,  current  and^or  resistance, 
solve  for  electrical  power  in  watts  and  horsepower. 

S, 

Define  efficiency. 

6. 

• 

Given  power  in  and  power  out,  solve  for  the  efficiency  of  a 
motor, 

f 

¥                                                                           •  if  " 

t 

• 

V 

FORMULAE  FOR  WORK,  POWER,  AND  ENHRGY 

Q 

1. 

Electrical 

power  *  volts  x  amperes 

2. 

Electrical  horsepower  -  746vwatts 

P  =  E  x  I 

4. 

P  =  I2R 

L 

s. 

6. 

Efficiency 

.  outjmt    x  10Q 
input 

SUGGESTED  READING  TIME  60  MINUTES 

\ 
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Whenever  ah^iectric  current  flows  through  a  resistance,  heat -is 
Generated.    Heat  is  a  form  of  energy  and,  since  energy  cannot  be  created 
the  heat  must  be  produced  by  a  conversion  of  energy  from  the  electric 
energy  to  the  form  of  hea^  energy. 

The  soldering  iron    with  which  you-  have  been  working  converts 
electrical  energy  to  heat  energy.    In  this  case, we  use  the  heat  energy 
to  do  work.    The  lights  in  this1  roompeonvert    electrical  erieifey  to 

light  energy.    A  motor  converts  electrical  encr;y  to  mechanical  energy. 

*  /  ' 

And  a  generator  converts  mechanical  energy  to  electrical  energy. 

In  our  study  of  mechanical  work,  power,  and  energy,  we  learned  that 

x power  is  the  time  rate  of  doing  work' or  consuming  energy. 

The  formula^for  solving  the  amount  of  power  used  is: 

work 


Power  =  work-x  time.         page  5B 


IB  < 

YOUR  ANSWER:    The  watt,  then,  is  the  time  rate  for*  doing  electrical -work. 

Yes,  this  is  true.    But  this  answer  is  not  thg  most  correct 
answer • 

Return  to  page  3A  and  select  the  answer  that  tells  a  more  complete 
story  than  this  one  does."      Q    \  * 
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frr  9  j  j  j  ■  • 1  ■ 

2A  . 
YOUR  ANSWER:    Watt.  .  '  ' 

Quite  right.  .  ' 

(    When  we  say  that  1U6  watts  equal    one  horsepower,  we  mean  that  the 
power  consumed  by  an  electrical  device  may  be^expressed  in  equivalent 
horsepower. 

For  example:    Consider  "the. power  consumed  by  a  large  motor  that 
draws  125  amperes  from  a  600-volt  circuit. 

p  =  E  x  I  »  600  x  125  -  75,000  watts. 
This  may  be  expressed  in  equivalent  horsepower  as  \ 

75.a00b*watts      a"  100.2  hp      "  \ 

71*6  (watts  in  1  hp)  a  \ 

* 


ERIC 


1 1*  3  AMPS 
=-  E«l2Volt» 


R,«4  SL 


I 


v 


X 


How  much  pane*  is  consumed  in  the  circuit  above? 
36  watts.  I»ee 
12  watts,  I«ee  6B 
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work  * 
^  YOUR  ANSWER:    Power  =  -jjjj-  K 

RiGht. 

The  unit  of  electrical  power  is. the  WATT,  named  after  James  Watt. 
One  watt  of  power  e<|uals*  the  work  done  in  one  second  by  one  volt  of 
potential  difference  in  moving  one  coulomb  of  charge.    Since  one  coulomb 
per  second  is  an  ampere,  power  in  watts  equals  the  profuct  of  amperes  ^ 
t^imes  volts.  Thus: 

Power  in  watts  *  volts  x  amperes 

i 

•  or  ' 

P  a  E  X  I 

Where  P  is  powe*  in  watts,  E  is  voltage  and  I  is  the  intensity  of 
current  flow.  .  ^ 
The  watt  then  is: 

the  time  rate  for  doing  electrical  work  A  page  IB 

•  the  time  rate  for  consuming  felectrical  ene\gy.  page  6k 

%  \  0 

both  the  Above.  /    4     '         *  pase 


3B 


YOUR  ANSWER:  watts. 


Our  answer  to  your  answer,  .Jfow  come? 
ft  *  *     You  have  already  solved  a  similar  problem,  using  the  formula 
P,=  E  x  I,  or  you  couldn't  have  gotten  to  the  preceding  pdge.  Once 
more,  P  =  E  x  I,  NOT  P  -  3H.  1 

With  the  formula  P-Exl  firmly  in  your  mind, return  to  page  *iA 
and  solve  for  the  correct  answer. 
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Page  if 


YOUR  ANSWER:     36  watts.   •  ' 

Very  good.  *  P  =  E  x  I  and  don't  you  forget  it. 


(     Let 1 s  try  another  one . 


AA/V 


■>    R  ■  200  n 


X* .25a 
=~E»IOOv 


>!R2»200n 


How  much  power  is  consumed  in  the  circuit? 

25  wt^tts.        '  page  7A 

100  watts,  page  J3B 


~  E2 
YOUR  ANSWER :    P  =  ■ 

> 

Right  you  are. 

2L  1  S2 

P  =  E  x  I.  v      P«  IR    and  P  =  g-— 

Now,  solve  this  problem. 

*  ti 

A  certain  circuit  consumes  600  watts  of  power  from  a  200-volt  ^ 
source.  g 
What  is  the  current  flow  in  the  circuit? 

3  amperes*  -  page  8B 

120 , 000  amperes .  page  1QA 
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YOUR  ANSWER:    Both  the^above. 
Very  good.  T 

is\i 


Electrical  pov/er 


the  time  rate  ay  which  charge  is  forced  to  move 
by  voltage^    This  is  why  the  power  in  watts  is  equal  to  the  product  of 
volts  and  amperes.    Thus,  the  basic  power  formula  is  P  -  E  x  I. 

For  example,  when  a  6-volt  battery  produces  2  amps,  in  a  circuit, 
the  battery  is  producing  12  watts  of  power. 
t       K  The  voltage  states  the  amount  of  work  per  unit  of  charge,  and  the 
current  includes  the  time  r£te  at  which  the  charge  is  moved. 

.There  is  a  further  example  of  the  relationships  between  electrical 
power  and  mechanical  power    in  the  fact  that 

>     71*6  watts  »  1  horsepower  *  550  ft. -lbs.  per  second. 
The  unit  for  the  amount  of  power  consumed  in  a  circuit  is  the 
watt.  page  2A  . 

volt.  -  pagfc  V 


51 

YOUR  ANSWER:    Power  »  work  x  time.  ' 
Come,  come  now. 

Power"  is  the* time  rate  for  doing  work  or  consuming  energy. 

When  we  talk  about  the  rate  of  something,  we  are  going  to  divide 
that  " something"  by  time.    For  example:    If  you  drov@  200  miles  in 
5  hours,  you  would  have  to  divide  200  by  5  to  find  out  how  many  miles- 
per-hour  you  were  travelling.    There  are  m^ny  other  such  "rates", 
such  as   miles-per-gallon,  gallons-per-minute,  or  in  our  case,  salary- 
per -month.    These  are  all  "rates",  some  quantity  per  unit  of  time. 

Return  now  to  page  la  and  selec£  the  correct  answer. 


2.%' 


V 


Page  6  *  . 

ft 

YOUR  ANSWER:    The  watt,  then,  is  the  time  ra&e  for  consuming  electrical 
energy. 

You  are  correct ,  .as  far  as  you  have  gone*    But  you  seem  to  have 
forgotten  one  very  important  ppint.    Before  energy  can  be  consumed, 
^  -  work  must  be  done.  * 

Nov,  go  back  to  page  3A>  and  select  the  more  cbrrect  answer. 
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YOUR  ANSWER:  *12  yatts. 
No. 

The  formula  for  power  is  P     E  X  I,NOT  P  «  I  x  R. 

Once  more,  electrical  power  is  the  time  rate  at  which  'charge  is 
forced  to  move. by  voltage.    This  is  why  the  power  in  watts  is  equal  to 
the  product  of  volts  and  amperes.    The  basic  power  formula  is  P  *  E  x  L 

Let's  return  to  page  2A  and  sol&^Tvr  the  dorrect  answer 


6c 

YOUR  ANSWER:    100  watts. 
Wrong . 

With  the  formula  written Vight  on  the  problem  page,  you  siill 
won't  use  it.    Come  on  now,  let's  get  down  to  the  business  at</hand. 
P  =  E  x  I, not  P  =  IR.    Get  this  formula  straight  in  your  mindj  you  will 
be  using  it  fo£  a  long  time  to  come. 

Now,  let's  go  back  to 'page  7A  and  solve  the  problem  correctly. 


2.97 


r 


3 


Page  7 


% 

( 
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YOUR  ANSWER:    25  watts.  . 

Right.    P  is  still  equal  to  E  x  I. 

o 

r  - 

4 

e  e- ioo  v  (  * 

AMMETER 

( 

What  is  the  power  consumption  in  the  circuit? 

• 

» 

•< 

10,  watts.                page  9A 
100  watts.                page  6C 

a 

s  ■ 

*  , 

YOUR  ANSWER:    P  «  E  x  I. 

Well,  at  least  you  remembered  the  basic  power  formula.  * 

But  you  were  asked,  which  formula  you  would  use  to  solve  for 

power,  if  voltage  and  resistance  of  the  circuit  w^re  known.  p 

E 

We  just  gave  you  the  formula  on  the  preceding  page:    P  =  g-. 

Here  is  an  explanation  as  to  how  we  arrive  at  this  formula.    P  »  t  x  I 

w  •  ♦ 

in  our  basic  power  formula.    I  »  =■  in  Ohm's  law.    We  can  substitute 

E  E^ 

|  for        in  the  basic  power  law,  thus,  P-Ex  jor  P«  J-  . 
Now,  go  back  to  page  9A  and  select  the  correct  answer. 


2.9, 


Page  8   '  

8A  P 
YOUR  ANSWER:    Volt.  , 
You  are  not  correct. 

Earlier  in  your  studies  of  basic  electricity,  you  were  told  that 
the  'Volt11  is  a  unit  of  electrompt\ye  force.    Now  suppose  you  pushed 
against  the  wall,  surely  you  are  applying  a  pressure,  but  unless  you 
moved  the  wall,  you  could  not  do  work;  £hus,  no  work,  no  time,  rate 
for  doing  work.    The  sajne  is  true  of  an  electrical  plug  in  the  wall. 
We  know  that  there  is  approximately  110  volts  available  there,  110 
volts  of  electromotive  force  "rSady  and  able  to  do  electrical  work, 
but  unless  we  use  this  voltage  to  make  current  flow,;  no  electrical 
work  can  be  done;  thus,  no  power  can  be  consumed. 

Return  to  page  5A  and  ^select  the  correct  answer . 


8B 

YOUR  ANSWER:    3  amperes. 


Very  good.   ¥ust  a  little  transposition  of  our  basic  power  law 

.2  " 


P  P 
P  =  E  X  I.      I  =  -  and  E  =  y 


"P  a  E  x  I 


P  =>  I 


'•h 


A  certain  solde^in^JJEOjuoffers  200  ohms  of  resistance  to  3  amperes 
of  current  flow.  The  power  used.then*  is  P  =  A  =  3  *  3  *  200  -  9  X*2°° 
3I8OO  watts. 

How  much  power  is  consumed  by  a  circuit  that  has  .5  ampere  of 
current  flowing  through  a  resistance  of  500  ohms? 

.    125  watts.  page  11A  _ 

w  250  watts.  page  13A 
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YOUR  ANSWER:    10  watt3,  , 

Good.    You  are  remembering  that  P  =  E  x  I-  in  our  basic  power  law,  ' 
When  current  flows  in  a  resistance,  heat  is  produced.    The  heat 
energy  is  evidence  tliat  power  is_used  in  producing  current  in  a  resist- 
ance .    The  power  ^  generated  by  the  source  of  applied  voltage  and  con- 
sumed in  thet>  resistance  in  the  form^of  heat.  4  - 

It  is  convenient, then,  to  have  a1  power  formula  to  express  power  in  - 
watts  in  terms  of  resistance. 


For  current: 
For  voltage;. 


4_  I  I«2o 
=-E«6v 


p  = 
p  = 

p  = 
p>- 

p  = 


E2  ..•    }  ■ 

£  x  I     6  x  2  =  12  watts 

IT*  -  1*  x  3  -  12  watts 

„2  .. 


1 


36 


=  12  watts 


1$ 


If  you  knew  the  voltage  and  resistance  in  a  ci3rcu.it',  which  formula 
•would  you  use  to  solve  for  power:  s 


P  = 


R 


P  =  E  x  I. 


page  hB 
page  7B 


YOUR  ANSWER:  '  750  wat1&. 

Again, we  answer  your  answer  with,  not  quite.- 

The  formula  again  is  P  »  IT*,  not  P  =  IRj  you  forgot  to  square  I 
in  your  solution. 

-  Go  back  to  page  11A  and  try  again. 
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YOUR  ANSWER:    120,000  amperes. 

rHoly  Mackerel  there.    What  ^ize  conductor  do  you  suppose  we  would 
have  to  have,  to  carry  this  amount  of  current? 

This  is  just  a  little  transposition  of  our  basic- power  formula.  .  We 
were  given  a  power  consumption  of  600  watts  from* a  200- volt  spurce  and 
asked  to  solve  for  current  (I).    0.  K.jlet's  see  how  its  done. 

1.  Correct  formula:  P  =»  E  x  I. 

2.  600  »  200  x.I.  ^ 

3.  Divide,  both  sides  by  200  thus, 


600 
200 


200 
200 


x  I.    The  200 's  on  the  right  side  cancel  each  other, 


_    6oo  , 

and  we  have  I  »        -  ? 


Return  to  page       and  try  again. 


10B  .  *    I*  • 

YOUR  ANSWER:.   E  =  I  xR. 

^       Ohl  come  on,  now.    £11  through  this  lesson, we  have  been  dealing 
directly  with  the  basic  pdver  formula.    And  wheH  we  ask  you  to  identify 
the  power  formula,  you  giye  us  E  =  IR,  which  is  Ohm's  law. 

'Let'SS  get  serious  about  this  business    and  pay  attention  to  what 
'you  are  reading. 

Return  to  page  l6A  and  select  the  correct  answer. 
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13A 

YOUR  ANSWER;    125  \^atts.  |  • 

Right .  o 

•  2  E 

Remember,    P  =  E  x  I4       P  -  Os  P  =  R~' 


R  *  1500  il 


t 


.5a 


How  much  power  is  consumed  in\he  above  circuit? 


375  watts.  page  Ikk 

750  watts. ,  page  9B 


11B 

YOUR  ANSWER:    Both  the  above. 
Very  good. 

We  said  earlier  that  71*6  watts  was  equal  to  one  horsepower.  Now, 
let's  solve  a  problem  using  equivalent  horsepower. 

In  a  certain  circuit,  we  have  a  voltage  source  of  373  volts 
supplying  k  amperes  of  current.    How  much  power  is  consumed  by  the 
circuit  in  (a)  watts  and  (b)  horsepower. 


(a)  1492  watts.    .  page  17A 

(b)  2  horsepower. 

(a)  93.25  watts.  ^  12B 

(b)  .11  horsepower. 
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Page  12 
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YOUR  ANSWER:     (A)  P  =»  50,000  watts.  (B)  P  =  1,000,000  watts. 
Wrong.    But  let's  see  why  you  are  wrong. 

First,  you  did  not  use  the  correct  formula.    With  voltage  and 

-  E 
resistance  known,  we  use  the  formula  P  =>       .    Not  P  =  —  ,  which  you 


used  in  both  problems. 
Problem  (A)  P 


E_ 

R 

50  x 


1000 


P 

P  ■  ? 


2500 
1000 


Problem  (B) 


P 
P 


J 


E_ 
R 

100  X 


100 


10,000 


lOjpOO 


10,000 
P  -  ? 

Complete  these  problems;  then  continue  on  page  16A. 


12B 

YOUR  ANSWER:    (a)  93.25  watts,  (b)  .11  horsepower. 

You  are  not  correct . 

™ """"""  E 
First  of  all,  P  =  E  x  I,  not  P  =  j. 

You  have  solved  for  horsepower  correctly,  however j  let's  try  again. 
1.    P  =  E  x  I 


2.  P  »  373  x  k  =  ?  watts 

m  watts 

3.  HP  =  1 


-JU6  (watts/ hp ) 


.hp. 


After  solving  this  problem  correctly^  continue  on  page  17A. 
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YOUR  ANSWER:    250  watts. 
Not  quite, 

Age^in,  the  values  given  here,  qurrent  flow  at  #5  ampere    through  a 
resistance  of  500  ohms, 

Leit's  see  how  we  solve  this  problem. 

Use  the  correct  formula:    P  *  l\9 

2.  P  -  #5.  x  .5  x  500 

3.  P  ■  .25,x  500 
k.    P  -  ? 

We  arrive  at  the  formula  P  ■  I^TR  by  using  Ohm's  law  once  again. 
P  »  E  x  I  in  our  "basic  power  law,    E  ■  JR  in  Ohm's  law.  Substituting 
IR  for  E  in  our  power  formula,  vc  get  B«IRxIorP»  I^R. 

Return  to  page  8B  and  solve  for  the  correct  answer. 


/ 


YOUR  ANSWER:  Ohms. 

True,    But  you  seem  to  be  forgetting   that  heat  is  generated  when 
current  flows  through  a  resistance.    Heat  being  energy,  it  must  have 
been  created,  in  this  case  by  the  conversion  of  electrical  energy  to 
hea^  energy.    How  much  heat  the  resistor  can  consume  before  it  will  char 
or  crack  depends  a  lot  on  its  physical  size,  especially  with  the  carbon 
resistor;  the  larger  it  is,  the  more  heat  it  can  absorb  and  give  up.  So 
not  only  do  we  have  to  know  the  ohmic  value,  but  we  must  also  know-how 
much  current  and  voltage  it  will  handle,  since  P  *  E  x  I.  f 

With  this  in  mind, continue  on  page  ISA. 
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Page  Ik 
Ihk 

YOUR  ANSWER:    375  watts. 

Ver^  good.       P  »  E  x  I. 


P  =»  I 


Solve  for  P  in  the . following  circuits i 

(A) 


-=_E»50v 


E* 


R«iooon. 


— £"IOOv 


(B) 


R"  10,000 II 


r 


(A)  P  »  2.5  watts. 

(B)  P  =»     1  watt. 

(A)  P  9.  50,000  watts. 

(B)  ^*  1,000,000  watts. 


page  16A 
page  12A. 
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YOUR  ANSWER:    Watts.  >? 

You  are  partially  correct/  But  you  seem  to  forget  the  unit  of 
,  measurement  for  all  opposition  to  current  flow. 

Resistors  are  devices  which  offer  a  specified  amount  of  opposition 
to  current  flow. 

Don't  forget  that  resiprbors  are  rated  not  only  in  watts,  but  also 
in  their  ohmic  value. 

Continue  on  page  18A. 


15B 

YOUR  ANSWER:    128.7  per  cent. 

You  have  erred  in  two  ways.  4 

First,  you.  were  told  that  no  machine  is  ever  100  per  ceht  efficient 
Second,  you  didn't  pay  any  attentio^  to  the  formula  for  efficiency. 
Once  more,  the  formula  for  efficiency! 

,    Efficiency  100.  ^ 

Now,„  let's  solve  the  prSt&em.    We  have  a  1-hp  motor  which  requires 
960  watts  input  power:  ^ 

1.  Efficiency  =•  x  100. 

71*6  (watts/hp) 

2.  Put  Ja  known  values.    Efficiency  =•  9^0  (input)  ' 

Efficiency  »  ,  per  cent. 

After  solving  this  problem  correctly*  continue  on  "page  2QA. 
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Page  16 
16k 

YOUR  ANSWER:    (a)  P  =»  2.5  watts. 

(B)  P  »  1  watt. 
Right  you  are. 

Electrical  lamps  and  soldering  irons  are  examples  of  electrical 
devices  that  are  rated  in  vatts.    The  wattage  rating  of  a  device  in- 
dicates the  rate  at  which  the  device  converts  electrical  energy  (power) 
into  another  form  of  energy,  such  as a light  and  heat. 

For  example,  a  100-watt  lamp  will  produce  a  brighter  light  than  a 
75-watt  lamp,  because  it  converts  more  electrical  energy  into  light 
energy. 

Electric  soldering  irons  are  of  various  wattage  ratings,  with  the 

high  wattage  irons  changing  wore  electrical  energy  to  heat  energy  than 

f  f  ft 

those  of  low  wattage  ratings.  * 

Rather  thaii  indicate  a  device's  ability  to  do  work,  its  wattage 

rating  may  indicate  the  device's  operating  limit.    These  power  limits 

generally  are  given  as*  the  mftviTmmi  or  minimum  safe  voltages  and  currents 

to  which  a  device  may  >e  subjected.    Bbwever,  in  cases  yhere  a  device 

is  no^  limited  to  any  specific  operating  voltage,  its  limits  are  given 

directly  in  watts. 

The  basic  power  formula  is: 

P  =  E  x  I  ♦  page  18A 


E  =  I  xR. 


*page  10B 
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YOUR  ANSWER:    (a)  1^92  watts. 

(b)  2  horsepower.  t  * 

You  axe  correct.                          *  ^ 

Remember  always-  to  use  the  formula  provided,  and  you  can't  go  wrong* 
Let's  review  our ^£*udy  of  electrical  power. 

1.    The  unit'  for  power  consumed  in  a  circuit  is  the —  . 

o  —  T?   v  T 

r  **  r*  X  1 

* 

Q        O  e«  T?  v  T  'n  c   f  ho  lioci  o  f*OY"imilflL  f"OT*  « 

\ 

power 

k     With  otrrrent  and  resistance  known  in  a  ^circuit ,  power 
consumption  can  be  found  hy  using  the  formula  P  = 

p  *  A 

<? 

5.    With  voltage  and  resistance  known  in  a  circuit,  power 
consumption  can  be  found  by  using  the  formula 
P  »  . 

'  \ 

P  a  E2  +  R* 

Hnp  hnr<;apnv#r  is  equal  to  watts. 

7.    71*^  watts  is  equal  to  one 

^horsepower 

h  .    Pnwr  ■?  s  the                       rat  ft  ror  consuming  energy  . 

time 

9.    Power  i^  the  product  of  voltage  and  , 

anH  its  unit  is  the 

current 
watt 

10.    The  power  formula  can  be^  written  in  several  separate 

forms.  Underline  the  form  in  which  it  cannot  ^be  written, 
a.    P  =  EI.    b.    P  *  ™     c.    P  «  IR.      d.    P  =■  IX 

P  =  IR 

— " — 1 — "  zp^  :  & —  

Continue  on  page  19A 
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"""P  ANSWER:    P  »  E  x  I. 

That  is  correcx.    P  »  E  x  I  and  don'tjyou  forget  jit. 

A  resistor  is  an  example  of  a  device  "whose  limit  is  given  directly 
in  watts.    It  may  be  used  in  circuits  with  widely  different  voltages, 
depending  on  the  desired  current.    However,  the  resistor  has  a  maximum 

current  limitation  for  each  voltage  applied  to  it.    The  product  of  the 

I 

resistor's  voltage  and  current  must  not  exceed  a  certain  wattage. 

Thus,  resistors  axe  rated  in  watts,  in  addition  to  their  ohijiic 
resistance  va^ue.    Ife^istors  of  the  same  resistance  value  are  available 
in  different  wattage  values.    Carbon  resistors,  for  example,  are  commonly 
made  in  wattage  ratings  of  1/3,  1/2,  1,  and  2  watts.    The  larger  the 
physical  size  of  a  carbon  resistor,  the  higher  its  wattage  rating,  since 
a  larger  amount  of  material  will  absorb  and  give  up  heat  more  easily. 
Resistors  are  rated  in 

*   watts*  page  15A  / 

ohms.      •  page  13B  •  4 

both  the  above«page  TIB 


18B 


r 


Here  are  the  correct  answers. 

67*8  per  cent. 

b.  3300  watts. 

c.  k.k2  horsepower. 

If  j-Jar  answers  odo  not  agree,  turn  to  page  23^  for  correct 
solution. 

If  your  answers  do  agree,  turn  to  page  25A  and  continue. 

X 

< 


<2 
O 


30; 


•  Page  19 


19A 


We  have  one  more  item,  to  learn  before  we  come  to  the  end  of  this 
lesson.    That  item  ic  efficiency. 

All  machines  lose  some  power  by  heat  and  friction.  If  they  di 
they  would  be  100  per  cent  efficient  and  the  output  would  be  equal  to 
the  input.  For  instance,  suppose  a  one-horsepower  motor  only  required 
7I46  watts  to  operate  at  its  rated  horsepower.  We  know  that  one  horse- 
power is  equal  to  7I46  watts,  so  the  output  would  equal  the  input  and 
the  mc$or  would  be  100  per  cent  efficient.  But  NO  machine  is  ever  100 
per  cent  efficient. 

To  find  out  just  how  efficient  an  electrical  device  is,  we  use 

this  formula: 


.  output  (watts)  v  inn 

Efficiency  =  lnpgt  (^tts)/  * 


^  Let  us  suppose  we  have  a  lO^horsepower  motor  connected  to  a  1*00- 

volt  source  at  20  amps.  The  output  then  is  10  x  Jk6  (watts  iii  one  hp) 
or  7I46O  watts.  The  input  is  P  »  E  x  I  »  1*00  x  20  *  8,000  watts.  Nov, 
let's  see  how  efficient  this  motor  is. 


Efficiency  .  2gjg  x  100 
rounded  off  93.3  percent.* 


-  .9325  x  100  ■  93.25  per  cent, or 


Nov  you  try  one. 

What  is  the  efficiency  of  a  1-horsepower  mo.tor  that  requires  an 
input  of  96O  watts? 


77.7  per  cent,  page  20A 
128.7  per  cent,  page  15B 


1 


9 
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Page  20   ,  •   

2QA 

YOUR  ANSWER:    77-7  per  clnt. 

Correct.    We  had  an  input  of  9^0  watts    and  an  output  of  one  horse- 
power.   We  were  told  that  one  hotsepower  is,  equal  to  7k6  wattS|Our 
problem  looks  like  this: 

*  ^ 

Efficiency  =  'f-jgjj-jp  *  100  =        =  0.777  x  100  or  77. 7  per  cent. 


The  balance  of  power,  22.3  P*r  ceni,is  lost  as  heat  or  friction. 

1214%* 

fi      *      Heat  and  Friction  Losses 

22.3  per  cent  of  power 


Delivered 
Power 
7k6  w. 

77-7  percent 
(output) 


(INPUT)  9€0w  »-  lOOpar  cant 

In  the  figure  above  are  pictured  the  power  and  the  power  losses. 
If  you  follow  the  arrows  through  this  picture,  you  will  find  the  input 
power  is  electrical  power.    It*^p4.its  up  in  the  motors-going^  in  two 
directions.    TheNlosses  in  the  form  of  heat  are  radiated  upward   and  the 
output  in  the  form  of  mechanical  power  is  delivered  to  the  shaft. 

Now  consider  this  problem.    We  have  a  5 -horsepower  mptor  that 
draws  20  amperes  from  a  200-volt  circuit;  what  is  the  efficiency  of 
this  motor? 


page  22k 
page  2UA 


93*25  per  cent. 
107.23  per  cent. 


J 


Page  21 


21k 


YOUR  ANSWER:    373  watts.  « 

Wrong.    But  do  not  despair}  we  will  go  over  the  problem  with  you. 

The  problem  again  was  to  sblve  for  -the  input  power  of  a  It- hp.  motor 
operating.,at  80  per  ce^vfc  efficiency. 


/ 


l. 


Use  the  correct  formula:    Efficiency  =  "-^^  x  100. 


2.    Plug  in  known  vauues. 


qq  _  h  x  7k6  (watts/hp  x  100, 
input 

3.    Multiply  both  sides  by' "input":  Thus, 

80  x  input  a  input*     x  inPu,tt 

k.    "input"  on  right  side  cancel  out  and  we  have 

80  x  input  «  k  x  7k6  x  100. 

5#    Divide  both  sides  by  80. 

80  x  input     k  x  7k6  x  lOOtthus, 
Bo  *  80 

+     h  x  7k6  x  100 
input  »         'qq  3  , 


watts. 


Complete  the  problem,  then  continue  on  page  26k. 
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i 

YOUR  ANSWER:    93.25  per  cent.  f  u 

You  §re  correct.  >^ 

Now  let's  see  how  we  could  solve  for  the  input  power,  if  the 
efficiency  and  output  were  known.  -  \ 

First,  we  will  use  the  correct  formula $ 
Efficiency '-  fjg^' x  100.      1  '  * 

Now  suppose  that  we  had  a  5* horsepower  motor  operating  at  7^.6  per 
cent  efficiency.  -  * 

1.    Put  into  formula  known  value  st  ) 

input 


2.  Multiply  both  sides  of  the  equation  by.  "input": 
'     ;     .  '  mput  x  7^.6  ■?>£^M0  x  input 

3.  Then,  we  have 

Input. x  7^.6  =»  3730  x  100  -  373,000 
Input  »  3^^g°  "  5,000  watts 

'  CI  ' 

I 

Now  you  solve  one. 

A  ^-horsepower  mol^ar  operates  at  8^  per  cent  efficiency)  what  is 

the  input  power?  . 

373Q  watts.      page  26A 
«  373  watts.       page  21A 
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This  is  how  the -problem  should  have  been  solved  to  obtain  the 

correct  answer: 

\.    Efficiency  =  SHtfiuMwatts) 

•  *  V    input    (watts)  * 

2.  v  output  =  3(hp)  x  7^  (watts/hp)  *  2238  watts.  c 

3-    input  power  -  E  x  I  =  220  x  15  =  3300  watts, 

h\    efficiency  =  x  100  »  .678  x  100  =  67.8  per  cent. 

5.    To  solve  for  equivalent  horsepotf§r/  simply  divide  the 

T 

input  power  (in  watts)  by  7k6  (watts  per  hp). 
Thus:  $ 


Now,  continute  on  page  25A. 
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Page  2k  .      ,  ' 

2kA 

YOUR  AHSWER:    IO7.23  per  cent. 

We  can't  very  well  go  along  with  your  answer,  since  we  already 
have  told  you  that[^  machine  is  ever  100  per  cent  efficient. 

Our  problem  is  to  solve  for  the  efficiency  of  a  5-hp.  motor 
drawing  20  amperes  from  a  200-volt  circuit.    0.  K.,  let's  solve  it. 

1.  P  a  E  X  I.  ".'•*. 

2.  P  >=  200  x^20  -    4,000  watts. 

3.  Efficiency  =  jgjt  x  100. 

*•    Efficiency  ■  M^^ts.  hp)  a  M0- 

5.    Efficiency  »   per  cent. 

After  you  solve  $his  problem  correctly .continue  on  page  22A. 
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2§A 

1.    In  our  study  of  electrical  power,  we  found  that 
the  unit  of  measurement  for  electrical,  power  is 

p  » 

watt 

2.    The  time  rate  for  consuming  enerflpr  is 

power 

^-    The  basic  power  formula  is  P  *  x 

P  »  E  x  I 

h.    If  current  and  power  in  a  circuit  were  known,  you 
could  solve  for  voltage  by  using  the  formula  E  » 

5.    In  a  circuit  where  voltage  and  power  are  known,  you 

could  solve  for  current  by  using  the  formula    I  * 

*> 

6.    We  have  two  formulas  with  which  to  express  power  ~ 
in  watts  in  terms  of  resistance;  they  aret 
for  current^  P  « 
for  voltage,  P  * 

current.  Pal2!* 
E2 

•voltage.  P=^— 

7.    Write  the  three  formulas  for  power. 

Pa                                       P  *                             P  m 

p  *  e  x  I 
P  - 

E2 

8.    The  ratio  of  power  output  to  power  input  is 

efficiency 

9.    Efficiency  is  the  ratio  of  nower  to 

output 
input 

10.    The  formula  used  to  solve  for  efficiency  is, 
x  100,  and  is  expressed  in  percentages. 

Continue  on  page  2JA, 
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26A 

— 9 

YOUR  ANSWER:    3730  watts* 
Very  good. 

Just  don't  forget  to  ust  the  correct  formula.    Hie  correct  forxmla' 

will  depend  on  the  known  factors.    By  knowing  the  bas^c  formula, 

plugging  in  the  known  values  a  little  transposing, and  you  are  in 

business.  <f 

Let's  solve  another  problem.   

AMMETER 


220  v 

GENERATOR 


!9o 


3* 

MOTOR 


(a)  What  is  the  deficiency  of  the  3- hp.  motor  in  the  above 
drawing?        _  per  cent  • 

(b)  What  is  the  input  power  in  watts?   watts, 

(c)  What  is  the  input  power  in  equivalent  horsepower?  hp 


Turn  to  page  1§B  for  correct  answer. 
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* 

output 

< 

11.    Write  the  formula  for  efficiency. 

input 

 L  ,  ■  

r   efficiency  = 

)  " 

12.    Write*  the  definition  of  efficiency. 

catgut  1Q0 
input 

Efficiency  is 

the  ratio  of 
power  output 
to  power 
input. 

\ 

13.    Write  the  definition  of 'electrical  power. 

Power  is  the 
time  rate  for 
consuming 
energy • 

* 

Ik.    This  completes  our  study  of  electrical  work, 
power,  and  energy.    In  other  words,  this  is  the 

END. 

4 

1 

•    I  : 

318 


Page  28 


REVIEW  TEST  KOR  WORK,  POWER,  AND  ENERGY 
(Electrical) 


1#    Th&  basic  formula  for  electrical  power  is:  P 


2#    The  unit  of  measurement  for  electrical  power  is   

3*    One  electrical  horsepower  is  equal  to  -                 ratAa , 
k*    In  the  figure  below,  how  much  power,  is  consumed  by  the  circuit? 
^  t   watts« 


E-2B  v 


5«    In  the  figure  below,  how  much  power  is  consumed  by  the  circuit? 

watts 


t 


R,«1500-£L 


f.5o 


6.    In  the  figure  below,  how  much  power  is  consumed  by  the  circuit? 

 watts .  v 


r 


E«20  v 


R  -I600JL 


I 
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7.  A  certain  generator  supplies  373  volts  to  a  load  which  is  operating 
at  k  amperes.  What  is  the  power  consumed  by  the  load  in  (a)  watts, 
and  (b)  in  equivalent  horsepower? 

fa)  watts 

(b )  ____ horsepower 


8*    The  ratio  of  power  outuut  to  power  input  is  called. 

L 


9#    Write  the  formula  for  per  cent  of  efficiency*. 


10/  Wmt  is  the  efficiency  of  the  motor  in  the  following  circuit? 

per  cent; 


-=~E»H0v 


M  J  I  hp 
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PURPOSE  OF  STUDY  GUIDES  AND  WORKBOOKS 

Study  Guides  and  Workbooks  are  training  publications  authorized  by  Air  Training 
Command  (ATC)  for  student  use  in  ATC  courses. 

The  STUDY  GUIDE  (SG)  presents  the  information  you  need  to  complete  the  unit 
of  instruction,  or  makes  assignments  for  you  to  read  in  other  publications  which 
contain  the  required  information. 

The  WORKBOOK  (WB)  contains  jwork  procedures  designed  to  help  you  achieve 
the  learning  objectives  of  the  unit  of  instruction.  Knowledge  acquired  from 
using  the  student  study  guide  will  help  you  perform  the  missions  or  exercises, 
solve  the  problems,  or  answer  questions  presented  in  the  workbook. 

THE  STUDY  GUIDE  AND  WORKBOOK  (SG/WB)  contains  both  SG  and  WB  material 
under  one  cover/  The  two  training  publications  may  be  combined  when  the  WB 
is  not  designed  for  you  to  write  in,  or  when  both  SG  and  WB  are  issued  for  you 
to  keep.  .  ^ 

Training^tblications  are  designed  for  ATC  use  only.  They  are  updated  as  nec- 
essary for  training  purposes,  but  are  NOT  to  be  used  on  the  job  as  authoritative 
references  in  preference  to  Technical  Orders  or  other  official  publications. 
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ENERGY,  OHM'S  LAW,  AND  BASIC  CIRCUITS 


OBJECTIVES: 


1.  Identify  statements  pertaining  to  energy  as  either  true  or  false, 

2.  List  the  three  basic  requirements  for  a  simple  circuit* 

3.  Given  illustrations  of  electrical  symbols,  label  the  components 
depicted. 

4.  Select  the  correct  definition  of  Ohm's  Law, 

* 

5.  Identify  Ohm's  Lav  expressed  as  a  mathematical  formula, 

6.  Calculate  current  and  voltage  of  a  simple  circuit. 

7.  Select  true  statements  regarding  a  DC  series  circuit.  J 

8.  Select  the  correct  formula  for  determining  current  and  resistance.  ' 

9.  Compute  total  resistance  and  current  for  a  DC  series  circuit. 

10.  Select  true  statements  regarding  a  parallel  circuit. 

11.  Compute  current,  voltage  and  resistance  for  a  parallel  circuit. 

12.  Select  the  aefinltion  of  a  series-parallel  circuit. 

13.  Draw  a  series-parallel  circuit  and  label  voltage,  resistance,  and 
current*  *  .  «o 

14.  Select  the  correct  unit  of  measure  for  electric  power  consumed: 

15.  Compute  the  current  through  each  branch  ot  a  circuit,  and  total 
current,  and  the  power  consumed  in  watts. 


INTRODUCTIONS 


This  Student  Study  Guide/Workbook  was  prepared  as  part  of  a  programmed 
lecture.    As  a   Cardiopulmonary  Laboratory  Technician  you  will  not  be 
required  to  repair  electrical  circuits;  however,  a  basic  concept  of 
electrical  circuits  and  Ohm's  Law  will  be  an  essential  building  block  for 
later  instruction  pertaining  to  lab  equipment  and  electrical  protection. 


INSTRUCTIONS: 


Do  not  respond  in  the  SSG/UB  until  directed  by  the  instructor.  Aftf.r 
each  exercise  you  will  be  given  the  correct  answers.    Use  the  questions 
and  the  summary  as  a  review  of  the  lesson. 
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INFORMATION: 


EXERCISE  1: 


Label  the  following  statements  pertaining  to  energy 'as  True  or  False. 

  a.  Potential  energy  is  energy  in  motion/  ^ 

  b.  Energy  can  be  neither  created  nor  destroyed. 

__  c.  A  match  represents  potential  energy. 

d.  Electrons  flowing  within  a  conductor  represent  kinetic  energy. 

  e-  Energy  cannot  be  converted  to  different  forms. 

  f  *  A  burning  match  represents  thermal  energy.  b 

 g.  Electrons  will  only  flow  from  negative  to  positive. 

  h.  Current  flow  is  limited  by  the  use  of "resistive  devices. 

 *i-    An'  increase  dn  circuit  resistance  will  result  in  an  increase  in 

current  flow. 

  j.    Current  will  flow  when  -two^ differently  charged  bodies  are  connected 

by  a  conductor. 


V  m 


EXERCISE  2: 


1.    List  the  three  basic  requirements  for  a  basic  or  simple  circuit. 


v 


a. 


b. 


c . 


2.    In  the  illustration  below,  (1)  represents  a  lamp  and  (2)  represents  a  three- 
cell  battery.    Draw  the  symbols  for  these  two  electrical  components  below. 


(1)  LAMP 


(2)    THREE-: CELL  BATTERY 


EXERCISE  3:  •    /        *  ■ 

Study  the  illustration  below.  Write  the  nana  of  each  component  rej^reaeatsa  by  the 
symbols  next  to  the  corresponding  letter: 


i 


T    °  « 


c 

1 

T 

-®- 


A— H> 


c. 


G. 


EXERCISE  4: 


1.    Study  the  illustration  below.    Write  the  name  of  each  symbol  beside. the 
corresponding  number: 

B  D- 

\     _  r 

m  1  WWW*  ■     i  Q 


A  4 


2%  Energy  at  rear  is  considered  to  be  ^ 

a.  kinetic  energy.  ^ 

b.  potential  energy. 

3.  Energy  in  motion  is  considered  to  be 
-  a.    kinetic  energy. 

b.    potential  energy.  * 

4.  List  the  three  basic  requirements  for  a  simple  circuit. 


b. 


c . 


5.    Complete  the  following  chart:5 


TITLE 
LAMP 

— <  1 1 1 J — 

FUSE 

VOLTMETER 


GROUND 


f 


CONNECTING  WIRES 


FIXED  RESISTOR 

ERJC 
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6«    Draw  a  simple  circuit  diagram  containing  any  six  (6)  of  the  components 
listed  below: 


a.  2  cell  battery 

b~  fuse 

c .  .lamp 

d .  switch 
e «  ground 

f .  Ohmmeter 


g.  •  connecting  wires 

h.  crossed-over  wires 

i.  fixed  resistor 
j,  rheostat 

*k.  Ammeter 
**1.  Voltmeter 


UP* 


*An  AMMEfER .must  be  connected  in  series  with  the  load.  (This  will  bcK  explained 
later  in  the  course.)  ) 

**A  VOLTMETER  should  be  connected  across  the  load  or  between  load  and  ground. 
(This  will  also  be  explained  later  in  the  course.) 


6 
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EXERCISE  5: 


Which  of  the  following  is  not  a  form  of  Ota's  Law? 
a.    I  »  ER 


E 
R 


r  *" 
E 
I 


can  be  determined.  (Select 


a.  1-4. 

2.  If  E  and  1  of  a  circuit  are  known,   

one . )  • 

a.  voltage 

b.  current  ■    ■  * 

c.  resistance 

d.  potential  difference  * 

*  /  ,       ^  '  1 

3.  If  a  circuit  contains  25  ohms  pf  resistance  with  50  volts  applied,  the 
current  will  be 

a.  20  amps. 

b.  .5  amps*  " 

A  - 

c.  2  amps. 

d.  1250  amps. 

Study  the  illustration  and  complete  the  following  statement: 

4.  The  voltage  in  this  circuit  is 

a.  1  2/3  volts. 

b.  15  volts. 

c.  .6  volts. 


\ 


d.    8  .volts. 


f 


r 


— ® — 

5 

amps 


1 


It 
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5.    The  fomiU  uicd  to  solve  the  prcceeding  problem  i*- 

b.   R  -  JL 
I 

C.    E     IR  * 
4.    none  of  the  above. 


EXERCISE  6; 


1.  The  most  basic  electrical  circuit  is  the 

a.  parallel  circuit.  *  • 

b.  series  circuit. 

c.  series-parallel  circuit. 

2.  The  relationship  that  exists  between  current,  voltage, and  resistance  is 
stated  in         i  ' 

a.  Kirchoff fs  Lav. 

b.  Lens  Law. 

c.  Ota's  Law.  t 

3.  -    List  the  three  basic  requirements  for  a  series  circuit.  „ 


a. 


b.   :  


c. 


4.    Select  the  statement  below  that  is  true.    Circle  the  correct  letter. 

a.  Voltage  is  the  same  at  ail  points  in  a  series  circuit.*  > 

b.  Current  is  the  saise  at  ail  points  in  a  series  circuit. 


J- 


c.    Resistance  is  the  same  at  ail  points  in  a  scries  circuit. 
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5.    Which  formula  correctly  expresses  the  fact  that  currant  la  the  aafte  at  all 
points  in  a  aeries  circuit? 

a.  It  -  Ij^  x  I2  x  I3 

b.  It  -  Ix  +  Iaf  I3 

c.  Ifc  -  Ix  -  I2 I3 

d.  It  -  li  »  I2  «  I3 


13 


Determine  Che  total  resistance  of  this  series  circuit: 

1  + 


Ri  =  4m. 


UN  I 


30  V 


The  total  resistance  is 

a.  5  ohms* 

b.  8  otans. 


c.  12  ohns. 

d.  20  otms. 


Study  the  illustration  below  then  answer  questions  7,  8,  9  and  10. 


50  V 


— vWW— 


Ro  =  15_n_ 


7.    What  is  the  total  resistance  of  this  series  circuit? 


8.    What°is  the  total  current  of  this  series  circuit? 


9 
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9.    If  the  voltage  rem* ins  constant  and  the  total  resistance  is  doubled,  what 
is  the  new  current? 


10.    If  the  voltage  remains  constant  and  the  total  resistance  is  cut  in  half, 
what  is  the  new  current? 


11.  If  the  voltage  remains  constant  in  a  series  circuit  and  the  resistance  is 
reduced  to  one-half  its  original  value,  the  current  will 

a.  remain  the  same. 

b.  increase  to  double  its  original  value. 

c.  decrease  to  one-half  its  original  value. 

* 

12.  If  the  voltage  is  reduced  to  one-half  its  original  value  in  a  series 
circuit  and  the  resistance  remains  constant ,  the  current  will 

a.  remain  the  same. 

b.  increase  to  double  its  original  value. 

c.  decrease  to  one-half  its  original  value. 


EXERCISE  7: 


1*    Study* the  illustration  below  and  compute  the  jolt age  drops, 

D9  C9  Bp  A9 


a.  E 


b.  E 


R2 


c.  E 


R3 


10 
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2V  Study  the  illustration  below  and  determine  the  following:    total  resistance, 
total  current,  and  voltage  drops  across  all  three  resistors. 


I  > 


150V 


R2 
■WW 


"1 


RL  -  30-Tt 
Total  Resistance;    Rt      R1  +  R2  +  R3 

Rt  - 

E 

Total  Current;    It  * 
.  Ik  - 


R2  -  60/X 


R3  -  10A 


Voltage  Drops:  E  -  IR 


*R2 


i 
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EXERCISE  8: 

•    1.    How  many  possible  paths  for  current  flow  are  there  in  a  series  DC  circuit? 

a.  One  c .  Three 

b.  Two  d.  Four 

2.  The  three  basic  components  for  any  circuit  are 

a.  power  source ,  load  and  switch. 

b.  power  source,  conductor    and  wire. 

c .  power  source ,  load  and  wire . 

d.  power  source,  fuse  and  load. 

3.  In  a  DC  series  circuit,  the  total  current  is  equal  to 

a.  all  the  currents  at  various  points  added  together. 

b.  the  current  at  any  point  in  the  circuit. 

c.  the  total  resistance  divided  by  the  total  voltage. 

d.  none  of  the  above. 

4.  To  find  the  total  resistance  in  a  DC  series  circuit,  you  would 

a.  add  all  the  resistances. 

b.  take  the  difference  between  the  largest  and  smallest  resistor. 

c.  divide  the  total  current  by  the  total  voltage. 

d.  multiply  the  total  current  by  the  total  voltage. 

5.  If  the  voltage  in  a  series  DC  circuit  is  doubled  and  the  resistance  is 
held  constant,  the  current  will 

a.  double.  C-  be  the  same. 

b.  be  one-half •  d.  decrease. 

6.  If  the  voltage  in  a  series  DC  circuit  remains  constant  and  resistance 
increases,  the  current  must 

a.  decrease  *  c*  double. 

b.  increase.  d.    reduce  one-half. 
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7.  What  form  of  Qbm'a.  Uv  is  used  to  find  th£  voltage  drop  across  a  resistor? 

E 

a.  I  -  c.    E  -  IR 

b.  R  ■  d.    B  -  -4"  a 

8.  The  larger  the  value  of  a  resistor  in  a  DC  series  circuit,  the  

the  voltage  drop  across  that  resistor.  ■ 

a,  smaller  c .  less 

b.  larger  d.    none  of  the  above 

9.  If  a  series  DC  circuit  contains  four  resistors  of  5,  10,  20,  and  100  ohms 
value,  what  is  the  total  resistance  of  the  circuit? 

s 

,  a.    95  ohms  c.    135  ohms 

b.    35  ohms  d.    150  ohms 

10.    An  important  thing  to  remember  ^about  voltage  dividers  is  to  start  at 

  and  add  t&e    to  the  tap  off  point 

used.  0  " 

a.  ground  -  resistive  values 

b.  ground  -  voltage  drops 

c.  ground  -  applied  voltage 

d.  ground  -  reference  point 


EXERCISE  9: 

1.    Study  the  illustration  below  and  calculate  the  total  resistance  of  this 
circuit . 


—  E2=,65V  D^l 

t    ;  grg  ^ 

1  *****  \ 


Rt  = 


3  3  ^ 


2.    Study  the  illustration  below  and  calculate  the  total  resistance,  applied 
voltage,  and  voltage  drop  across  each  resistor. 


b.    Et  -  ItRt 


c.    Ert  -  URi      Ed    -  I2R2       ER    -  I3R3       ER    -  I4R4       ER    -  I5R5 


2*? 


3.    If  10  amperes  of  current  are  flowing  toward  a  point  in  a  series  DC  circuit, 
how  much  current  is  flowing  away  from  that  point? 


a.  1  amp 

b.  10  amps 


c.  5  amps 

d.  20  amps 


4.    The  voltage  drop  across  a  resistor  can  be  determined  by  multiplying  the 
current  by 


a.  the  applied  voltage. 

b.  the  ohmic  value  of  the 
resistor. 


c.  'total  resistance  of  the  circuit. 

d.  total  voltage  of  the  circuit. 


5.    The  sum  of  the  voltage  drops  in  a  series  circuit  is  equal  to 


a,  the  total  resistance. 

b.  the  total  current. 


c.  the  applied  voltage. 

d.  none  of  the  above. 
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A  series  DC  circuit  contains  three  resistors.    The  applied  voltage,  the 
current,  and  the  values  of  two  resistors  are  known*    How  can-the  value  of  the 
unknown  resistance  be  determined? 

a.  By  dividing  the  current  into  the  voltage. 

b.  By  dividing  the  current  ipto  the  voltage,  and  subtracting  the  total 
of  the  known  two  resistors  from  it. 

c.  By  multiplying  the  current  by  the  voltage. v 


d.    By  multiplying  the  current  by  the  voltage,  and  subtracting  the  total 
of  the  two  known  resistors  from  it. 


The  equation  for  finding  tp 

a.  R^  ■  R^  •  R2  •  R3  X. 

b.  Rt  -  RL  X  R2  4  rJ  X. 


esistance  in  a  series  DC  circuit  is 


Rt  «  RL  +  R2  -  R3  +. 


Rt  •  RL  +  R2  +  R3  +. 


The  correct  form  of  Ohm's  Law  for  finding  current  is 


a. 


b. 


I  »  ER 


d. 
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PARALUEL  CIRCUIT  -  RESISTANCE 


2?/ 


LIKE  RESISTANCE  METHOD 

i 

Rt  - 
Rt  - 


12_ 

3 


Rt  ■  4  ohms 


OHM'S  \M METHOD 


i.  -_s_ 

1  Ri 

1  HET 


i2  -  —  i 


r2 


t  "  Il«2 


t  -  24 


It-2+6-8 


Ij-2  amps     I2-6  amps    Rt-  E  -.  g4 
Rt  "  3  ohms   t 


PRODUCT /SUM  METHOD 

Ri  X  Ro 

R.  12X4 

12  xl: 

L  d 

Rt   

■       RX  +  R2 

12+4 

"y"  E«24v 

R^.  -  3  ohms 

RECIPROCAL  METHOD 


Rt  R^  R2  R3 


9  3 
Rt  12  ^4 


I  .1+1+1  R 
RT  5T6 

1.3+  4  +  2 

Ra.  — n — 


c  -  *  or  1 ^ 


r 


EXERCISE  10: 

1,    The  voltage  across  any  resistor  in  a  parallel  circuit  is  equal  to 

a.  the  total  current. 

b.  the  applied  voltage.  ' 

c.  the  total  resistance. 

d.  ^none  of  the  above. 
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2.  The  current  through  the  various  branches  of  a  parallel  circuit  are  equul  , 
when 

a.  tha  voltage  drops  are  the  saw.  * 

b.  the  resistors  are  the  same  size. 

c.  only  two  resistors  are  used*  a 
^     d.    more  than  two  resistors  are  used. 

3.  A  formula  that  cannot ^Be  used  for  finding  total  resistance  in  a  parallel 
circuit  is 


a.  Rt-^t 


x    m  Ri  x  R2 

*  .    Ri  +  R2 


Rl     R2  R3 


m  N 


4.  When  two  50  ohm  resistprs  are  connected  in  parallel,  the  equivalent 
resistance  is. 

a.  100  ohms. 

b.  50  ohms. 

c.  25  ohms; 

d .  5  ohms  • 

&> 

5.  When  a  10  ohm,  2Q  ohm,  and  30  ohm  resistors  are  connected  in  parallel, 
the  equivalent  resistance  is 

a.  more  than  30  ohms. 

b.  less  than  10  ohms. 

c.  less  than  30  but  more  than  10  ohms.  r 

d.  20  ohms. 

EXERCISE  11; 

l'    ^e  definition  of  a  series-parallel  circuit  is  a  circuit  containing  a  3roup 

a.  resistors  connected  in  series  with  other  resistors. 

■  j* 

b.  series  resistors  connected  in  series  with  other  resistors. 

c.  parallel  resistors  connected  in  aeries  with  other  resistors. 

d.  resistors  connected  in  parallel  with  other  resistors. 
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2.    Study  the  illustration  below  and  complete  the  following: 


a.    Draw  an  equivalent  series  circuit. 


b.    Determine  the  total  resistance  of  this  circuit. 


c.    Determine  the  total  current  of  this  circuit. 


EXERCISE  12; 

Study  the  diagram  below.    Determine  the  total  resistance,  total  current,  the 
power  consumed  in  watts,  the  ampere  rating  of  F^,  and  the  minimum  wattage  ratings 
of  Resistor  1  and  Resistor  2.    After  you  have  determined  these  ^alues,  answer  the 
question  that  follows: 


Rt 
It 


Wattage  rating  of  R} 


*i  - 


,  Rn 


What  would  happen  if  a  1  ampere  fuse  was  installed  in  this  circuit? 


"  33d 
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EXERCISE  13; 


SCudy  the  illustration  *beiow.  tart  B  represents  a  schematic  diagram  of  the 
pictorial  drawing  in  Part  A. 


1 

mr 

i 

loov  -ss  '      Ri«iOO  jrul 


R2*io^rv.^ 


R3*  150.ru; 


B. 


Compute  the  following  values: 


*2  " 


13 
14 


W  « 


What  would  happen  if  all  these  devices  were  plugged  into  an  extension  cord 
rated  at  10  amps? 

EXERCISE  14: 

You  have  a  generator  rated  at  3,500  watts  at  110  volts.  From  this  ganerator  you 
need  to  operate  a  30  MA,  90  KVP  x-ray  machine  which  requires  30  amps  at  110  volts. 


Can  this  x-ray  machine  be  safely  used  with  this  generator? 


19 
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REVIEW  TEST 

1.  Identify  each  statement  below  as  either  true  or  false. 
__  a.    Potential  energy  is  energy  in  motion. 

  b.    Energy  can  neither  be  created  nor;  destroyed. 

____  c»    A  match  represents  potential  energy.  - 

__  d.    Electrons  flowing  within  a  conductor  represent  kinetic' energy . 
__  e.    Energy  cannot  be  converted  to  different  forms. 
■        f .    A  burning  match  represents  thermal  energy. 

2.  List  the  basic  requirements  for  a  simple  circuit. 


a. 


c . 


3.    Write  in  the  name  of  the  electrical  component  depicted: 


SYMBOL 

COMPONENT 

— ii'i'i— 

,1  ' 

— -® — 

r 

-O- 

-% 

— \W — 

J 

20 
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Ohn* a  Law  is  defined  as;       (select  one)  ^ 

a.  Resistance  varies  directly  with  the  current  and  inversely  with  thTvoItage. 

b.  Voltage  varies  directly  with  the  resistance  and  directly  with  the  current.. 

c.  Current  varies  directly  with  thrf" voltage  and  inversely  with  the  resistance. 

d.  None  of  the  above.  7 

J* 

Which  of  the  following  is  not  a  form  of  Ota's  Uw? 


** 

"  R 

,  E 

b. 

I 

-  ER 

c . 

E 

-  IR 

d: 

I 

-  -J- 

R 

Complete  the  following  statements: 

^    "rrln^wiu  be"'31118  ^  ^  °*  resiaCance  wich  60  volts  Applied,  the 

(1)  30  amps. 

(2)  .5  amps. 

(3)  2  amps. 

(4)  1800  amps. 

b.    If  the  circuit  has  4  amps  of  current  and  25  ohms  of  resistance,  the 
applied  voltage  is  .* 

(1)  100  volts. 

(2)  21  volts. 

(3)  50  volts.  t? 

(4)  6.25  volts. 

Check  (✓)  the  true  statements. 

  a.    Current  is  the  same  at  all  points  in  a  series  circuit. 

_        b.    Total  resistance  in  a 'series  circuit  is  equal  to  the  sum  of  the 

separate  resistances.  ■  • 

  c.    Voltage  drops  in  a  series  circuit  must  add  up  to  and  equal  tir* 

applied  voltage.  0  . 
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8.  Study  the  illustration  below  and  compute  the  total  resistance  and  the  total 
current  of  this  circuit. 


50V 


R|  =  IQrv 


-VW- 


a.  Kt 

b.  It 


9.  Select  the  correct  equation  for  computing  the  following  values  in  a  series 
circuit. 

a.  Total  resistance  .  

b.  Total  current 


(1)  Rt  -  Ri  -  R2  -  R3  - 

(2)  lt*  m  li  +  I2  +  R3  + 

(3)  It  -  lt  -  I2  -  I3  - 

(4)  Rt  -  RL  +  R2  +  R3  + 

10.    Complete  the  following  by  selecting  the  correct  statement: 

a.  A  parallel* circuit  is  a  circuit  in  which 

(1)  Two  or  more  devices  are  connected  across  different  voltage  sources 

(2)  A  group  of  parallel  resistors  are  connected  in  series  with  other 
resistors. 

(3)  Two  or  more  devices  are  connected  across  the  same  voltage  source. 

b.  In  a  parallel  circuit,  the  voltage  across  any  branch  is  equal  to 

(1)  the  applied  voltage. 

(2)  the^total  resistance.* 

(3)  the  total  current, 

(4)  none  pf  the  above.  - 
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c.    The  current*  through  the  various  branches  of  a  parallel  circuit  are  the 
same  when 

.  (1)    more  than  two  resistors vare  used. 

(2)  only  two  resistors  are  used. 

(3)  the  voltage  drops  are  different. 

(4)  the  resistors  are  the  sane. 

resistances^  '**  dla8ram  below'  then  *>li»  f the  unknown  voltages,  currents,  a*d 


El 
E2 

E3 

E„ 


48V 


I3  - 
It  " 


Rl  " 
R2  - 
Ro  m 


Rt  - 
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12.    The  definition  of  a  series-parallel  circuit  is  a  group  of 

a.  resistors  connected  in  series  with  other  resistors. 

b.  parallel^resistors  connected  in  series  with  other  resistors, 
e.    series  resistors  connected  in  series  with  other  resistors, 
d.    resistors  connected  in  parallel  with  other  resistors. 

value;  oTlZ  £  ^  "  e<*ulvalent  s^ies  circuit.    Compute  :he 


40-a 
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EQUIVALENT  CIRCUIT : 


Bt  - 
Rt  * 


14.  TheQkilt  of  measure  for  electrical  power  la  the 

a.  volt. 

b.  watt. 

c .  ampere . 

d.  ohm. 

15.  Study  the  diagram  below  and  compute  the  following  values:  I\t  l2>  I39  ^4* 
It,  and  W. 


E 

Ri  ; 

R2  ; 

R3  , 

*4 

100  — 

lOOnJ 

10a 

:        I50n.  : 

5      '  50/v  « 

14  - 
h  - 

w  - 
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SUMMARY 

ENERGY,  OHM'S  LAM,  AHD-BASIC  CIRCUITS 


Energy  exists  in  two  states,  potential  or  h&ietic.    Potential  energy  is  energy 
at  rest  while  kinetic  energy  i,  energy  in  motion.    Energy  can  neither  S  created 
nor  destroyed;  however,  its  form  can  be  changed  to  accomplish  «  specific  job.  Jor 
example,  electrons  at  rest  sre  potential  epirgy;  when  placed  in  motion  they  becotn 
kinetic  energy,  and  as  they  move  through  i  conductor  or  resistive  device,  their 
energy  may  be  converted  to  heat,  light  or  magnetic  force. 

An  electrical  circuit  is  any  closed  loop  in  which  electrons  may  flow  and  finally 
return  to  their  starting  position    without  passing  the  same  point  twice. 

TM.^S!!6}?  8yab?i?  *nd  *bbrevi»ti0"  »«  u«ed  instead  of  pietorial  circuits. 
This  makes  it  possible  to  convey  much  more  information  in  less  space. 

to  ^Inn^T h8"??8  thatJthe  current  flowin8  in  a  Circuit  is  direetly  proportional 
to  the  applied  voltage  and  inversely  proportional  to  the  resistance.  Ohm's  Law  may 
be  stated  mathematically  in  the  following  forms-  y 


R 


E 
R 

IR 

E 


Almost  any  direct-current  circuit  can  be  solved  by  applying  one  or  more  of 
these  basic  formulas. 


ampe 


Before  applying  Ohm's  Law,  you  must  always  convert  given  values  to  volts 
res  and  ohms. 


It  must  be  remembered  that  current  varies  inversely  with  resistance;  that  is, 
if  the  resistance  is  increased  without  changing  the  voltage,  the  current  will 
decrease  a  proportionate  amount.    Doubling  resistance  reduces  current  one-half. 
Also,  it  must  be  remembered  that  current  varies  directly  as  the  applied  voltage; 
that  is,  if  the  voltage  is  increased  and  the  resistance  not  changed,  the  current  will 
increase  a  proportionate  amount.    Doubling  the  applied  voltage  doubles  the  current. 
Finally,  the  voltage  drop  across  a  resistance  is  proportionate  to  the  product  of  the 

iU™    f    ?lu-a±tCaaC'-  ,That  i8'  "  either  the  '"Stance  or  the  current  is 
increased  and  the  other  remains  constant,  the  voltage  drop  will  increase  proportion- 
ately.   Doubling  resistance,  with  the  current  remaining  constant,  or  doubling  the 
current,  with  the  resistance  remaining  constant,  doubles  the  voltage  drop.  Doubling 
both  current  and  resistance  makes  the  voltage  drop  four  times  as  much. 

*  8!uiBS  ci"uit  the  s*ne  current  passes  through  each  device  to  complete  its 
Em  ?e8atiue  t0.the  P°8itive  terminal.    In  a  parallel  circuit  all  current 

does  not  flow  through  each  device.    The  current  divides  to  follow  two  or  more  paths. 
A  series-parallel  circuit  is  a  combination  of  series  and  parallel  circuits. 

The  voltage  drop  between  two  points  is  the  potential  difference  required  to 

f!n!n  5  CU"ent  bBtW"u  thB  tW°  pointS*    Volta8e  dr°Ps  a«°8*  resistances  are 
called  IR  drops,  since  they  are  computed  from  Ohm's  Law  formula,  E  -  IR     In  a 

8o°5nee  IpplL'd^oUage.^  ™    "  ^  VOlta8e  *«*  ia  ^  — ™l  circuit  is  equal 
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When  the  internal  resistance  of  the  source    is  included  in  the  calculations ,  the 
sum  of  the  voltage  drops  around  the  entire  circuit  is  equal  to  the  BMP  of  the  source. 
In  a  series  circuit  the  effective  or  total  resistance  is  equal  to  the  sum  of  the 
individual  resistances,  or  to  the  voltage  divided  by  the  current. 

In  a  parallel  circuit  the  same  voltage  is  applied  to  each  parallel  branch,  the 
total  current  is  equal  to  the  sum  of  the  currents  in  the  individual  branches,  and 
the  effective  or  total  resistance  of  the  parallel  branches  is  equal  to  the  voltage 
applied  to  the  branches  divided  by  (he  total  current  through  the  branches. 

Parallel  resistances  may  be  combined  to  obtain  the  effective  resistance  by 
the  LIKE  METHOD,  OHM'S  LAW,  the  PRODUCT /SUM  METHOD,  or  the  RECIPROCAL  METHOD. 

Any  circuit  may  be  reduced  to  an  equivalent  series  circuit. 

The  sum  of  the  currents  arriving  at  any  point  in  a  circuit  is  equal  to  the  sum 
of  the  currents  leaving  that  point. 

The  unit  of  measurement  for  electric  power  consumed,  or  the  rate  at  which  work 
is  produced,  is  the  WATT.    The  alphabetical  symbol  for  power  is  the  letter  P  and 
is  expressed  in  watts.    Power  or  Wattage  equals  the  voltage  multiplied  by  the 
current.    (W  ■  E  x  I). 
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2.  Magnetism  is  defined  as 

a.  a  forca  which  makas  it?  possibla  for  a  magnet  to  forea  electrons  throuth  a 
conductor. 

i 

b.  a  forca  which  attracts\iron,  steel,  or  othar  as gnat ic  substances. 

c.  a  forca  which  makes  it  possibla  for  a  aagnat  to  rasiat  the  flow  of  electrons 

through  a  conductor. 

i 

d.  none  of  the.  above. 

3.  Any  magnet  made  of  hard  staal  would  ba  a  ;  aagnat;  a  aagnat  aada 

of  aoft  iron  would  ba  a  ^  aagnat* 

A.    Magnate  that  loaa  thair  aagnetlaa  rapidly  are  called  . 


5.    Any  aagnat  that  holda  ita  aagnetlaa  for  a  long  tlae  is  called  a  

magnet,  and  it  ia  said  to  have  high       -   . 

Exercise  2: 

1.    Which  of  the  following  statements  ia  true  concerning  magnetic  forces? 

  ••    Like  magnetic  poles  attract  each  othar  and  unlike  poles  repel  each 

other. 

b.    Like  magnetic  polee  repel  each  other  and  unlike  poles  attract  each 
other. 

 c.    Both  like  and  unlike  magnetic  poles  repel  each  other. 
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1.    List  the  three  types  of  magnate. 

b. 
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2.    the  force  e*isting  between  thte  poles,  as  indicated  by  the,  arrays;  would  be  that  of 


a,  attraction,. 

b.  repulsion. 


3,  The  force  exerted  between  the  two  magnets  as  indicated  by  the  arrows,  wo  ild  be 
that  of 


a.  repulsion, 

b.  attraction,  ^ 


4.  Which  of  the  arrangements  below  would  haVe  the  greatest  combined  magnetic 
strength? 


In 

sis 

NIN 

SIS 

Nl 

A 

Li* 

SIN 

SIN 

SIN 

•1 

0 


3o$, 


Exercise  3; 

i"  1 .  The  spaccOsurrounding  a  magnet  and  the  area  occupied  by  the  magnet  is 
<  considered  the  i 

 a.  residual  magnetism, 

b.  inducing  magnet. 

'  c.  magnetic  field. 

 d.  reluctancy  field. 


2.  The  number  of  lines  of  force  per  unit  area  in  a  magnetic  field  is  referred  to  as 
the  *  of  that  magnetic  field. 

a.  magnetic  induction 

b.  residual  magnetism 

c.  flux  density 

d.  retentivity 

3.  The  flux  density  in  a  magnetic  field  will  __  when  ^he  magnetic  field 

increased.  A 

a.  increase 

b.  decrease 

4.  The  magnetic  force  is  greater  at  the  poles  of  a  magnet  than  in  the  middle;^ therefore, 
the  flux  will  be  more  ]  at  the  poles  of  the  magnet. 

5.  As  the  distance  from  the  surface  of  the  magnet  increases,  the  magnetic  force 
becomes 

 a.  stronger. 

b.  weaker. 


) 
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Exercise  4: 


1.  The  direction  of  th£  magnetic  lines  of  force  in  thje  external  magnetic  field  is  from 
the 

 a.   South  pole  to  the  North  pole. 

 b.    North  pole  to  the  South  pole. 


2.  The  direction  of  the  magnetic  lines  of  force  on  the  inside  of  a  magnet  is  from  the 
 a.   South  pole  to  the  North  pole. 

 b.    North  pole  to  the  South  pole. 

3.  Because  of  their  mutual  repelling  characteristics,  lines  of  force  in  a  magnetic 
'iejd  never  one  another t 

4.  Study  ^^lustration  below  and  answer  the  questions  that  follow. 


a.  The  force  which  causes  the  flux  lines  to  stretch  out  and  away  from  each  other 
in  the  magnetic  field  is  the  ^ 


b.  The  force  which  causes  the  flux  lines  to  come  close  together  at  the  South  pole 
is  the 


4 

U 
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Exercise  5; 

1.  Substances  which  are  strongly  attracted  by  a  magnet  are  called  

stubstances. 

2.  Which  of  the  following  materials  would  make  the  best  permanent  magnet? 

.     a.  Iron 
 m  b.  Steel 

 c.    Silver  t 

"  d.  Nickel 

3.  Identify  the  magnetic  and  nonmagnetic  substances  below  by  placing  the  letter  "M" 
beside  the  magnetic  substances  or  the  letters  "NM"  beside  the  nonmagnetic  substances. 


Wood 

*. 

Cobalt 

4. 

Iron     *                   f  h. 

Manganese 

c. 

Glass 

-  i. 

Gold 

d. 

Steel, 

Silver 

e. 

Stone 

k. 

Nickel 

f. 

Copper 

4.  In  an  unmagnetized  iron  bar,  t^magnetic  molecules  are  arranged  so  that  their 
individual  magnetic  strength  . 

a.  .  adds 

b.  substracts 

c.  cancels  -*  # 

d.  does  not  exist  v  ft 
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Exercise  6r 

1 .  A  material  in  which  the  molecules  change  direction  quite  easily  will  have 
( 1 )  permeability  and  (2)   retentivity. 


(1) 

(2) 


,2.    Retentivity  and  residual  magnetism  are  obviously  related  to  each  other,  since 

 is  the  ability  of  a  magnet  to  hold  magnetism,  while   is  the  actual 

magnetism  which  the  magnet  retains. 

3.    Because  of  its  high  retentivity,  you  would  expect  steel  to  have  a  . 


4.    Match  each  term  in  column  A  with  the  correct  definition  from  column  B. 

A'-  Terms  B  -  Definitions  * 

 a.    Permeability  1.    The  magnetism  which  a  magnet  can 

hold. 

 b.    Magnetic  induction 

2.    The  process  by  which  artificia* 
 c. .  Retentivity  \  magnets  are  made. 


,      d.    Residual  magnetism  3.    The  ease  with  which  a  material  can 

be  magnetized. 

e.  Reluctance 

4.  The  ability  of  a  material  to  hold 
magnetism. 

5.  The  opposition  of  a  substance  to 
become  magnetized. 

5.    Air  has  a  relatively  low  permeability.    The  permeability  Qf  air  indicates 

.      a.    the  ease  with  which  it  can  be  magnetized. 


 b.    the  ease  with  which  it  will  conduct  magnetic  lines  of  force. 

c.    both  a  and  b. 
—   —  — 

6.    Magnetic  lines  of  force  can  travel  through 

 ._a.   magnetic  substances  only.  ' 

 b.    air  and  magnetic  substances  only. 


c.    every  known  substance. 
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Exercise  7: 


1 .    Current  flow  produces  a 


around  a  conductor. 


a.  North  and  South  pole 

b.  magnetic  field 

c.  residual  magnetism 


2.—  When  the  current  through  a  wire  increases,  the  magnetic  field  around  the  wire 
becomes 


a.  larger., 

b.  smaller. 


3.    What  determines  the  direction  of  the  lines  of  force  around  a  cur  j-ent- Carrying 


conductor9 


4.  To  create  a  North  and  a  South  pole  usipg  a  conductor,  form  the  conductor  into 
a   ■   

5.  The  lines  of  force  around  a  coil  form  a  magnetic  field  which  is  similar  to  the 
^magnetic  field  of  a  bar  magnet.   Study  the  illustration  below  and  determine  whether 
A  or  B  is  the  North  pole  of  the  illustrated  coil. 


DO 


J 


Exercise  8; 


1.  List  thW  three  main  factors  that  determine  the  strength  of  the  magnetic  field  of 
a  coil. 


a. 

b, 
c. 


2,    When  an  iron  core  is  inserted  into  a  coil,  the  magnetic  strength  of  the  coU  U 

 a.  unchanged. 

 _  b.    increased  slightly. 

i 

  c.    decreased  slightly. 

 d.    greatly  increased, 

3*      Ampere 'turns  per  inch  is  the  unit  of  measurement  for 


4,  Magnetomotive  force  is  equal  to  the  current  (in  amperes)  in  the  coil  multiplied  by 

the  #  "  * 

a 

a 

5.  If  the  magnetomotive  force  in' each  of  the  coils  below  is  the  same,  the  magnetic 
strength  of  coil  will  be  much  greater. 


a.  A 

b.  B 


oof 
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Exercise  9: 

\ .   A  current  carrying  coil  whose  length  it  greater  than  its  diameter  is  known  as 

 a.~  an  electromagnet. 

  b.    a  choke  coil. 

 c.   a  relay . 

» 

d.    solenoid  coil. 

2.  The  core  of  an  electromagnet  should  be  constructed  of  a  material  that  has 

  a.    high  reluctance. 

 b.    high  retentivity. 

^       c.    high  permeability.  |V> 

3.  Which  of  the  following  devices  utilizes  the  "centering  effect1'  of  an  iron  core  within  Cj> 
a  current  carrying  coil?  ^ 

 a.  Magnetic  circuit  breaker 

 b.  Electromagnetic  lock 

 c.  Solenoid  switch 

d.  All  of  the  above 


0 
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PART  II  -  SUMMARY 


MAGNETISM 


Magnetic  force  is  an  invisible  force  that  exists  in  the  space  surrounding  a  magnet 
and  is  capable  of  attracting  iron,  steel,  or  other  magnetic  substances. 

TYPES  OF  MAGNETS 

There  are  three  types  of  magnets  -  natural,  artificial,  and  electromagnetic. 

Natural  Magnets.    Magnets  in  the  natural  state. 
Magnetite  (Lodestone) 

Very  limited  practical  use  because  their  magnetic  force  is  irregulur 

and  weak. 

Artificial  Magnets.    Metals  artifically  magnetized. 

Cheap  -  easy  to  produce.    Used  extensively  in  electrical  equipment. 
Temporary  and  Permanent  Magnets. 

Temporary  Magnets  -  a  magnet  that  loses  magnetism  as  soon  as  it 
is  separated  from  the  magnetic  field. 

Permanent  Magnets  -  a  magnet  that  retails  magnetism  aftei-  being 
separated  from  the  inducing  magnetism. 

Electromagnets.  Electromagnets  depend  upon  electric  current  for  their  magnetic 
energy,  they  are  temporary  magnets. 

Magnetic  Poles  and  Their  Characteristics.    Most  magnets  are  able  to  att-act 
materials  at  certain  points  on  their  surfaces.    These  points  are  the  POLES  where  the 
magnetic  force  is  concentrated.    The  poles  are  usually  referred  to  as  the  NORTH  and 
SOUTH  pole  and  are  represented  by  the  letters  UNM  and  "S"  respectively. 


One  characteristic  of  magnets  can  be  remembered  by  this^simple  law:  LIKE 
MAGNETIC  POLES  REPEL  EACH  OTHER;  UNLIKE  POLES  ATTRACT  EACH  OTHER. 

5> 
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If  2  or  more  magnets  are  allowed  to  come  together,  with  the  North  pole  of  one  next 
to  the  South  pole  of  the  other,  they  act  as  one  large  magnet.    Their  magnetic  strength 
will  concentrate  at  the  outer  poles  and  is  greater  than  one  of  the  magnets  alone. 


MAGNETIC  FIELDS 

Magnetic  force  exists  in  the^  space  surrounding  a  magnet  and  is  capable  of  acting 
upon  other  magnets  or  magnetic  substances.  It  is  not  necessary  for  an  object  to  be  in  ] 
direct  contact  with  a  magnet  in  order  to  be  influenced  by  it,  however,  the  force  is  \ 
always  stronger  close  to  the  magnet. 

The  magnetic  field  includes  the  area  surrounding  the  magnet  and  the  aria 
occupied  by  the  magnet. 

CHARACTERISTICS  OF  THE  MAGNETIC  FIELD 
4 


* 


The  magnetic  field  is  made  up  of  lines  of  force  or  flux  lines.  The  direction  of  the 
lines  of  force  in  the  external  magnetic  field  is  from  the  North  to  the  South  pole;  inside 
the  magnet,  the  direction  of  the  lines  of  force  is  from  the  South  to  the  North  pole. 

Forces  Acting  on  the  Flux  Lines 

Repulsion.    Lines  of  force  in  the  magnetic  field  exert  their  energy  in 
the  same  direction,  therefore,  lines  of  force  in  the  same  magnetic  field  will  repel  each  £ 
other. 

Because  of  this  mutual  repelling  force,  they  never  cross  one  another,  and  tend  to 
remain  as  far  apart  as  possible.    This  causes  the  magnetic  field  around  a  magnet  to 
expand  and  spread  out  to  cover  a  wider  area* 

11 
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Attraction.     Lines  of  force,  in  addition  to  repelling  each  other,  are 
attracted  to  the  South  pole;- because  of  the  attraction,  they  take  the  shortest  route  from 
the  North  to  the  South  pole. 

These  oppobing  forces  account  for  the  pattern  thoy  form  around  a  magnet. 
Flux  Density.    When  the  strength  of  a  magnet  is  increased,  the  number  of  lines  rt" 
force  will  also  increase.    This  increased  number  causes  the  lines  of  force  in  the 
magnetV  field  to  be  pushed  closer  together.    Therefore,  as  the  magnetic  strength 
Iherea&tV?.  tho  field  expands  and  becomes  more  dense.  * 

Due \o  increased  density  of  the  flux  lines,  the  magnetic  force  becomes  stronger  as 
you  move  toward  the  poles  of  the  magnet. 

The  strength  of  the  magnetic  field  is  measured  in  terms  of  flux  density.  Flux 
density  refers  to  the  number  of  lines  of  force  within  a  specific  area   in  the  magnetic 
Tield.  anc)  is  expressed  as  lines  of  force  per  square  inch  or  per  square  centimeter. 

Magnetic  and  Nonmagnetic  Materials.    Only  certain  substances  can  be  attracted  by 
a  magnet  or  become  magnetized,  these  are  called  magnetic  substances.     They  consist, 
for  the  most  part,  of  iron  and  its  various  alloys  such  as  steel.    Cobalt,  nickel,,  and 
manganese  are  to  a  lesser  degree  magnetic. 

Relatively  few  substances  are  magnetic.    Most  substances  such  as  wood,  glass, 
stone,  gold,  silver,  and  copper  are  nonmagnetic. 

Magnetic  Induction.    The  process  of  magnetizing  a  piece  of  metal  by  bringing  i* 
into  contact  with  a  magnet  is  termed  magnetic  induction. 

Retentivity  and  Residual  Magnetism.    The  ability  of  a  magnetic  material  to  retain 
magnetism  is  called  retentivity.    The  magnetism  retained  by  a  substance  after  its 
removal  from  the  magnetizing  force  is  called  residual  magnetism.  Temporary 
magnets  have  little  residual  magnetism,  while  permanent  magnets  have  a  large  amount. 

Reluctance  and  Permeability.    Highly  retentive  substances  are  not  readily 
magnetized,  their  molecules  are  difficult  to  rearrange. 

The  term  that  refers  to  the  opposition  of  a  substance  to  become  magnetised  is 
reluctance.    A  material  having  high  retentivity  will  also  have  high  reluctandeJ 

A  substance  in  which  the  molecules  change  direction  readily  will  be ^Ssy  to 
magnetize.    The  term  which  refers  to  the  ease  with  which  a  material  can  be  magnetized 
is  permeability. 

The  terms  permeability  and  reluctance  are  opposites.    A  substance  having  a  high 
permeability  will  have  a  low  reluctance.    For  example,  soft  iron  is  easily  magnetized, 
therefore,  soft  iron  has  high  permeability  and  low  reluctance. 

Magnetic  Shielding 

.  Pe  rmeability,  in' addition  to  referring  to  the  ease  with  which  a  substance 
may  be  magnetized,  is  a  measure  of  how  readily  it  will  conduct  lines  of  magnetic  force. 
A  substance  which  can  be  magnetized  easily  can  also  readily  conduct  lines  of  force.  For 
example,  soft  iron  will  conduct  lines  of  force  much  more  readily  than  air.  Therefore, 
if  this  highly  permeable  material  is  placed  within  a  magnetic  field,  the  lines  of  force 
take  the  path  of  least  resistance  and  are  redirected.    This  principle  is  utilized  to  shie'd 
equipment  from  a  magnetic  field.  W 


ELECTROMAGNETTSM 

*  ,> 

Magnetism  and  electricity  depend  upon  each  other;  when  current  flows  through  a 
wire,  a  magnetic  field  exists  around  that  wire. 

CHARACTERISTICS  OF  THE  MAGNETIC  FIELD  AROUND  A  CURRENT- CARRYING 
CONDUCTOR 

X 

I.    Forms  concentric  circles  around  the  conductor. 

12 
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2,  Behaves  as  if  under  tension.    Each  line  of  force  around  the  conductor  acts  like 
an  elastic  band.    When  current  increases,  more  lines  of  force  are  produced,  because 
they  repel  each  other,  the  lines  of  force  stretch  farther  away  from  the  conductor.  As 
current  How  decreases,  the  lines  collapse  back  toward  the  conductor, 

3,  Exist  along  the  full  length  of  the  conductor, 

4,  Form  at  right  angles  to  the  conductor. 

Magnetic  Field  Around  a  Straight  Conductor,    The  magnetic  field  around  a 
straight  conductor  does  not  have  a  North  or  South  pole.    The  lines  are  in  circles 
rather  than  from  North  pole  to  the  South  pole. 

The  direction  current  flows  through  a  conductor  determines  the  .direction  of  the 
magnetic  field  around  it.    Therefor*,  although  the  magnetic  field  around  a  straight 
conductor  has  no  North  or  South  poleN^it  does  have  direction. 

Magnetic  Field  Around  a  Coil, 


When  a  conductor  is  bent  into  a  loop,  or  coil,  each  line  of  force  passes  through  the 
inside  of  the  loop,  then  circles  the  outside  of  the  loop  to  complete  its  path.    In  so  doing, 
a  North  pole  is  created  on  one  end  of  the  coil  and  a  South  pole  of  the  other.  The 
direction  of  the  lines  of  force  around  a  coil  of  wire,  therefore,  are  the  same  as  that 
around  a  bar  magnet. 

Polarity  of  a  Coil. 


When  the  conductor  is  wound  into  a  coil  of  many  loops,  or^urns,  the  magnetic 
fields  around  the  loops  combine  to  form  one  large  magnetic  field.    The  magnetic  poles 
are  formed  at  the  ends  of  the  coil. 

The  direction  of  the  current  flow  through  the  coil  determines  which  end  is  the 
North  pole  and  which  is  the  South  -  or  the  polarity  of  the  coil. 


13 
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coil 


Factor  a  Affecting  the  Magnetic  Strength  of  a  Coil. 
There  are  several  factors  that  affect  the  strength  of  the  magnetic  field  around 


1.    Number  of  Turns  Per  .Inch. 


as  Jlowl/1  Th0"811^^^6"  m\gnetiC  9trenSth  and  in  a  coil  can  be  summed  up 

as  follows:    The  greater  the  number  of  turns  per  inch  in  a  coil,  the  greater  its 
magnetic  strength  will  be. 

2.  Current. 


if  current  deer  lncrease«.  *e  strength  of  the  magnetic  field  increases; 

s  denend  ^      TV  **  magnetic  strength  decreases.    The  magnetic  force  of  a  coA 
is  dependent  on  the  turns  per  inch  and  the  current  through  the  cofl.  this  is  called 
magnetomotive  force.    The  unit  of  measurement  for  magnetomotive  force  is  th ^  am>ere 
turns^rinch"    "  *  by  the  numbeVof^ 

3.    Core  Material. 


WW 


v  6,1    ?T         affCCtS  thC  °f  t>»e  magnetic  field  around  a  coil  is  the 

™  n     y         6  C°".material-    ^  °f  «re  material  determines  its  abili  y  to 

conduct  or  concentrate  lines  of  force.    Iron,  for  example,  being  more  permeable  \Ln 

Etrf  ^ratC        11068  °f  f°rCe  WitMn        ir°n-  -d  -gn^ticTrergSTo 


14 

i 


36  a 


ELECTROMAGNETS 

A  current-carrying  coil  which  has  a  fixed  iron  core  is  called  an  electromagnet. 
An  electromagnet  usually  has  a  soft  iron  core.    A  core  with  high  permeability  (low 
retentivity)  is  important  because  when  the  coil  is  de -energized,  it  must  lose  its 
magnetism  quickly.    Electromagnets  are  temporary  magnets  which  loose  their 
magnetism  as  soon  as  current  flow  to  the  coil^is  cut  off. 

Electromagnets  are  used  extensively  in  the  construction  of  switching  devices  for 
electronic  circuitry,  \ 
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MASTER'S  TEST 


TABLE  I 


STANDARD  NUMBER  OF  ASCENTS  FOR  MALES 
(Steps  should  be  doubled  for  double  Master's) 


Weight 
(lbs) 


in  Years 


5-9 

10-14 

15-19 

20-24 

25-29' 

30-34 

35-39 

40-44 

45-49 

50-54 

55-59 

60-64 

65-69 

40-49 

35 

36 

50-59 

33 

35 

32 

60-69 

31 

33 

31 

70-79 

28 

32 

30 

SG-S9 

26 

30 

29 

29 

29 

28 

27 

27 

26 

2? 

2f 

24 

23 

90-99 

24 

29 

26 

28 

28 

27 

27 

•24 

25 

25 

24 

23 

22 

LO0-1O9 

22 

27 

27 

28 

28 

27 

26 

25 

25 

24 

23 

22 

22 

LLO-119 

20 

26 

26 

27 

27 

26 

25 

25 

24 

23 

23 

22 

21 

120-129 

IS 

24 

25 

26 

27 

26 

25 

24 

23 

23 

22 

21 

20 

130-139 

16 

23 

34 

25 

26 

25 

24 

23 

23 

22 

21 

20 

20 

140-149 

21 

23 

24 

25 

24 

24 

23 

22 

21 

20 

20 

19 

150-159 

20 

22 

24 

25 

24 

23 

22 

21 

20 

20 

19 

18 

I0O-I69 

18 

21 

23 

24 

22 

22 

21 

20 

19 

18 

18 

170-179 

20 

22 

23 

23 

22 

21 

20 

19 

18 

18 

17 

, 180-189 

19 

21 

23 

22 

21 

20 

19 

19 

13 

17 

16 

190-199 

18 

20 

22 

21 

21 

30 

19 

18 

17 

16 

15 

200-209 

19 

21 

21 

20 

19 

18 

17 

16 

16 

15 

210-219 

18 

21 

20 

19 

ia 

17 

17 

16 

15 

14 

220-229^ 

17 

20 

20 

19 

18  < 

17 

16 

15 

u  , 

13 

This  supersedes 


DESIGNED  FOR  1TC  COOKS  US 
DO  NOT  USE  ON  THS  JOB 


ERIC 


TABLE  II 

STANDARD  number  of  ascents  for  TaULfiS 

"J, 


Weight 
(lbs)* 

Age  in  Years 

5-9 

10-14 

15-19- 

■20-24 

25-29 

30-34 

35-39 

40-44 

45-49 

50-54 

55-59 

60-64 

65-o9 

40-49 

35 

35 

35 

(  t 

50-59 

32 

33 

32 

I 

60-69 

31 

32 

30 

* 

70-79 

28 

30 

*-  / 

- 

80-H9 

26 

28 

26 

28 

28 

27  ' 

26 

24 

23 

22 

21 

21 

2vi 

90-99 

24 

27 

26 

27 

26 

25 

24 

23 

22 

22 

21 

20 

1; 

100-109 

22 

25 

25 

26 

26 

25 

24 

23 

22 

21 

20 

19 

IC 

110-119 

20 

23 

23 

25 

25 

24 

23 

22 

21 

2J 

19 

18  * 

ii 

120-129 

18 

22 

22 

24 

24 

23 

22 

21 

20 

19 

19 

18 

1< 

130-139 

16 

20 

20 

23 

23 

22 

21 

20 

19 

19 

ia 

17 

16 

140-149 

18 

19 

22 

22 

21 

*20 

19 

19 

i8 

i/ 

16 

16 

150-159 

17 

17 

21 

20 

20 

19 

19 

19 

17 

lo 

16 

-5 

16O-I69 

15 

16 

20 

19 

19 

18 

18 

17 

16 

16 

15 

14 

170-179 

13 

14 

19 

18 

IS 

17 

17 

16 

16 

15 

14 

13 

180-18.) 

13 

18 

17 

17 

17 

16 

16 

15 

14 

14 

13 

190-199 

12 

17 

16 

16 

16 

15 

15 

14 

13 

13 

12 

200 -209 

16 

15 

15 

15 

14 

14 

13 

13 

12 

11 

210-219 

15 

14 

14 

14 

13 

13 

13 

12 

11 

11 

220-229 

14 

13 

13 

13 

13 

12 

*.  -> 

11 

11 

,10 

9 
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PURPOSE  OP  STUDY  GUIDES,  WORKBOOKS,  PROGRAMMED  TEXTS  AND  HANDOUTS 


2rt 


Study  Guide*,  Workbooks,  Programmed  Texts  and  Handouts  are  training 
publications  authorized  by  Air  Training  Command  (ATC)  for  student  use  In 
ATC  courses.  0 

The  STUDY  GUIDE  (SG)  presents  the  Information  you  need  to  complete 
,      Instruction,  or  makes  assignments  for  you  to  read  in  other 
publications  which  contain  the  required  Information. 

The  WORKBOOK  (WB)  contains  work  procedures  designed  to  help  you 
achieve  the  learning  objectives  of  the  unit  of  Instruction.  Knowledge 
acquired  from  using  the  study  guide  will  help  you  perform  the  missions 
or  exercises,  solve  the  problems,  or  answer  questions  presented  in  the 

The  STUDY  GUIDE  AND  WORKBOOK  (SW)  contains  both  SG  and  WB  material 
under  one  cover.    The  two  training  publications  sre  combined  when  the  WB 
is  not  designed  for  yqu  to  write  In,  or  when  both  SG  end  WB  are  Issued 
for  you  to  keep. 

The  PROGRAMMED  TEXT  (PI)  present,  lnformstion  in  planned  step,  with 
provisions  for  you  to  actively  respond  to  each  step.    You  are  given 
immediate  knowledge  of  the  correctness\of  each  response.    PTs  may  either 
replace  or  augment  SGs  and  WBs.  \ 

«T«  HAHDOLT  (HO)  contains  supplementary  training  matsrlals  in  the 

I  !L5-flOW  chMTta>  block  di*gr*M,  printouts,  esse  problems,  tables, 
forms-rcharts,  mod  similar  materials. 

* 

Training  publications  are  designed  for  ATC  course  use  only.  They 
are < updated  as  necessary  for  training  purposes,  but  are  HOT  to  be  used 
on  the  job  as  authoritative  references  In  preference  to  Regulations. 
Manuals  or  other  official  publications. 

J  . 
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ANSWERS  TO  SELF-TEST 
DECIMALS 


1.  A  decimal  is  a  number  that  represents  a  traction  with  a  denomi- 
nator that  is  a  power  of  ten. 

2.  a.     (30.04  thirty  and  four  hundredths) 

b.  (.379  three  hundred  seventy- nine  thousandths) 

c.  (1.46  one  and  forty-six  hundredths)  t> 

d.  (90.001  ninety  and  oae  thousandths)  -o 

3.  a.  9.75        b.  12.3       c.  7.123      d.  .0073 

c.  .75         d.  2.5 


4.  a.  .3 

5.  a.  1 

4 

6.  a.  #6 

7.  a.  25.886 

8.  a.  10.18 

9.  a.  .3093 
10.  a.  20 


b.  .8" 

b.  2 

10 


c  .  _21 

200 


d.  1 

20 


b.  13.85  c.  .057        d.  1.6001 

b.  180.553  c  19.3925 

b.  .6298  c  446.37 

b.  .00284  c.  .32012  • 

•b.  .001  c.  .5 
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INSTRUCTIONS 

DECIMALS 

; 

This  is  a  programmed  lesson  on  DECIMALS.    It  is  not  a  test  as  one 

I 
1 

night  think,  but  an  easy  way  to  leai^i  at  your  own  rate  of  speed. 

| 

The  two  types  of  programming  used  in  this  lesson  are:  & 

a.    Linear —  Information,  in* small  amounts,  will  be  presented  in 

sequence.    You  will  advance  from  frame  to  frame, using  a  provided 

1 

cardboard  to  cover  upcoming  frames.    Do  not  look  ahead  at  answers. 

1 

IF  YO!J  MAKE  AN  ERliOR,  strike  out  the  incorrect  answer    and  correct 

it. 

"  b.  Branching —  The  information  given  in  these  franes  will  be  greater 

and  you  will  be  given  a  list  of  possible  answers.    Directions  to 

turn  to  a  page  for  each  answer  will  be  found  next  to  the  answers. 

FOLLOW  THELE  DIRECTIONS.    Circle  the  answer  you  think  is  correct. 

If  you  have  selected  an  incorrect  answer,  put  an  X  through  the 

incorrect  response  and  circle  another  answer. 

READ  ALL  INFORMATION  CAREFULLY.    Be  sure  you  understand  what  is  said 

before  you  attempt  an  answer. 

If  you  wish,  you  may  turn  back  to  any  part  of  the  program  to  clarify 

* 

some  vague  point. 

*/hile  working  problems  in  the  program,  if  you  are  instructed  to 

SHO'J  ALL  WORK,  you  must  work  in  the  program.    Otherwise,  you  may  do 

the  work  EITHER  on  scratch  paper       in  the.  program. 

ERIC- 

k                                                      ii                           Continue  to  page  iii 
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DECIMALS 

f 

OBJECTIVES: 

1.  Write, in  his  own  words,  the  definition  of  a" decimal.  * 

t 

2.  Demonstrate  ability  to  read  decimals  by  raatchihg  numerical 
decimals  with  the  appropriate  word  decimals, 

3.  Write  the  numerical  form0of  given  word  decimals. 
Um    Change  given  fractions  to  decimals, 

5.  Change  given  decimals  to  fractions.    Reduce  the  fractions  to 
*    lowest  terms. 

6.  Round  off  given  decimals.- 

7.  Add  given  decimals. 

8.  Subtract  given  decimals. 
9#    Multiply  given  decimals. 

10.    Divide  given  decimals. 


SUGGESTED  READING  TIME —  62  MIMES 


NAME  .  CLASS 


iii 


Continue  to  page  1 


1#    The  definition  of  a  decimal  is:    A  number  that 
represents  a  fraction  with  a  denominator  that  is 
a  power  of  ten.    The  definition  of  a  decimal  is: 


a  number  that 
represents  a 
fraction  with  a 
denominator  that 
is  a  power  of  ten 


2.  JBeing  a  power  of  ten  simply  means  that  you  can 
divide  ten  into  Jthe  /number  evenly.    The  fraction 
■jqq  has  a  denominator  of  one  hundred  and>of  course, 
ten  will  divide  evenly  into  it#    Me  know  that  100 


is  a  power  of 


10  or  ten 


3.    All  decimals  represent  fractions  and  in  every  case 
the  denominator  is  a  power  of  ten.    The  decimal, 
.1,  represents  the  fraction  "J5  •    The  denominator 
is  a  of    .  . 


power 
ten 


Um    The  definition  of  a  deciinal  is:    A  number  that 

represents  a  fraction  with  a  *    that  is 

a  of  ' 


denominator 

powefr 

ten 


4A.  Key  words  ofter^help  you  remember  hard  to  learn 
definitions*    In  the  definition  of  DECIMAL,  the 
words  to  remember  as  keys  are:  FRACTION, 
DENOMINATOR,  and  POWER  OF  TEN. 
.  Write  the  key  words  that  will  help  you  remember 

V 

the  definition  of  decimal. 

 ;  ,  and  


Cdntinue  to  page  2* 


fraction 
denominator 
power  of  ten 

5,    A  decimal  is  a  number  that  represents  a 

with  a       *                    that  is 

» 

• 

fraction 
denominator  . 
•a  power  of  ten' 

6.    Write,  in  your  own  words,  the  definition  of  a  decimal 

0 

• 

a  number  that 
represents  a 
iracuion  Wi&n 
a  denominator 
that  is  a  power 
of  ten  (or  a  rea- 
sonable facsimile) 

7.    Each  digit  in  a  decimal  has  a  place  value  and  is 
read  in  a  certain  way.    The  places  are  £s  follows: 

^^^^^^  \ 

Tenths.     Hundredths     Thousandths     ten  Thousandths    Hundred  Thousandths 
The  3  is  ir/lihe  thousandths  place,  the  5  is  in  the  hundred  thousandths 
place^and  the  1  is  in  the  places 

tenths 

• 

8.    As  you  probably  have  noticed,  the  places  to  the 
right  of  the  decimal  point  all  end  in  "ths."  In 
the  decimal  2.2t6.  the  6  is  in  the 

place,  , 

 w  ■  — 

hundredths 

9.    A  decimal  is  read  like  this:  (Example) 
£     35.3^2 —  "Thirty-five  AND  three  hundred 
sixty-two  thousandTHS11 . 
The  2  in  this  decimal  is  in  the 
^^place,    **  * 

2                                Continue  to  page  3. 

3?,i               ••     .  • 

thousandths 


10.    \\tien  there  is  a  whole  nuuber  and  a  decimal^  the 

decimal,  point  is  read  "AMD11*    For  example:  6,02  is 
'    read  "six  AND  two  hundredths" , 

vihen  there  is  only  a  decimal  (no  whole  number), 
it  is  read  without  using  the  word,  "and".  For 
example:     .06  is  read  "six  hundreths". 
How  would  "thirty-three  THOUSANDTHS"  be  written 
as  a  decimal? 


•  033 


11.    RKItrliBER—  When  you  are  reading  decimals,  the 
decimal  point  is  read  "and"  except  when  there 
is  NO  whole  number.    For  example:  ,5  is  fread 
"five  tenths",    3.22  is  read  "three  AND  twenty-two 
hundredths",  *  J 

Match  the  decimal  in  column  A  with  the  correct 
word  decimal  in  column  B^placing  the  correct 
letter  by  the  word  decimal. 


a, 
b. 
c. 


A 

4.3 

,006 

25.01 


Six  hundreds 


JTwenty-five  and  one 
hundredth. 

_Six  hundredths 

Four  and  three  tenths 


JTwenty-five  and  one 
tenth 

Six  thousandths 


Continue  to  page  5.  % 


37  j 


Very  good]  Yqu  should  be  ready  for  a  more  difficult  problem,  so 
let's  do  this  one: 


Change  |j  to  a  decimal. 


If  your  answer  is : 
.0052 
.52 


Go  to  page: 
6A 

^8B 


4B 


Wrong  I!    You  add  only  the  number  of  zeros  that  there  are  digits 
in  the  decimal.    There  is  only  one  digit  in  the  decimal  .7*  so  there 
will  be  only  one  ,zero  in  the  fraction.    The  decimal  .679  has  three 
digits, so  the  denominator  will  have  three  zeros  and  look  like: 


If  your  answer  is; 
679/1000 
679/000" 


0 


Go  to  page: 
16A 

8C 


9 
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4.3 

(four  and 
three  tenths) 

b.  .006 

(six  thousand- 
th s ) 

V 

c.  25.01 
(twenty -five 
and  one  hun- 
dredth ) 


12.    Now,  match  column 
banner. 

A 

a.  .25 

b.  .002 

c.  20.05  ° 

d.  1.222 


a.  .  .2%  (tt/enty-* 

five  hun- 
dredths) •  * 

b.  .002  (two 
thousandths ) 

c.  20.05 
(twenty  and 
five  hundred- 
ths) 

d.  1.222  (one 
and  two  hun- 
dred twenty 
two  thou- 
sandth s ) 

NOTE: 

Ba  certain  the 
vord  decimal 
ehds  with  "thsi1 


0 


A  with  column  B  in  the  same 


B 


Two  hundredths 

_  One  and  two  hundred 
twenty-two  thousandths 

_  Twenty-five  hundredths 

Two  thousandths 


Twenty  and  five 
hundredths 


Twenty-five  hundred 

One  and  two  hundred 
twenty-two  thousands 


13.    When  writing  a  decijnal,  FIRST  and  MOST  IMPORTANT, 
determine  the  "place"  value  (thousandths,  tenths 
etc.).    This  will  give  you  the  number  of  digits 
■  you  need  to  the  right  pf  the  decinal  point.  For 
^example:    twenty-two\  thousandths  will  reouire 
three  digits  because  it  is  £0  the  thousandths 
place^    It  v/ould  be  written:  .022 
Five  and  five  tenths  would  be  written:  5.5 
(Remember,  with  a  whole  number,  the  decimal  point 
is  read  AMD. ) 

How  would  twenty-five  and  four^thousahdths  be 
;n"itten?t  ; 


ntinue  to  pa^ge  7. 

J- 


-  37j 


1st 


1  T 


6A 

Wrong.  You  set  your  division  up  incorrectly.  The  problem  should  have 
been  set  u^^ke  this :  23/12.000 

Return  to  page  4A  and  do  the  division  again  and  place  the  decimal 
point  in  the  right  position j  then  select  the ^^ight  answer  and  yo  to  the 
page  indicated.  r 


6B 

3/4  is  not  correct y  .75-3/4.    Heturn  to  page  10  and  work  the 

v    j/  ' 

problem  again.    Then  selAt  the  correct  answer  and  continue  with  the 

* 

program.  * 


J- 


6C 

You  have  iiVLsplacea  the  decimal  point.    The  deciaal  point  ALWAYS 
r.aes  to  the  extreme  right  of  the  dividend.    EXAMPLE:  /l2.  not  /1.2, 
from  =y#    Return  to.  page  8Bj  rework  the  problem  and  continue  with  the 
program. 


6D 

Your  division  is  right,  but  it  is  unnecessary  to  put  the  0  at  the  end 
of •  the  decimal.    Turn  to* page  4A  and  continue  the  program. 


25.004 


14.    Thirteen  and  f pur  tenths  would  appear  as  13  #4 
Nine  and  forty-four  hundredths  appear  as: 


9*44 


15.    Four  ten  thousandths   looks  like 


16^    YJrite  the  numerical^form  of 


,0004 


twenty-nine  thousandths* 


.029 


17.    Write  the  numerical  form  of  each  of  0the  following 
word  decimals, 
a,    Sixty-five  hundredths 


z 


b.    Sixt^  and  ninety -seven  thousandths 


c.    Three  hundred  and  four  tenths 


0 


Id.    Seventy-five  ten  thousandths 


e.    Tifty -eight  ancfSixty-six  hundredths 


f .    Forty-nine  thousandths 


Continue  to  page  9.  ^ 


0  O 
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8A 

IQffg  is  correct  for  the  first  step,  but  each  fraction  must  be  in  its 
lowest  terms,    5  divides  into  45  and  1000 —  thus  it  can  be  reduced. 
Go  back  to  pa^e  16A  and  reduce,,  the   fraction,'  choose  the  correct 
answer, and  go  to  the  page  indicated. 


.52  is  correct.  You  have  been  changing  proper  fractions  to  decimals, 
so  now  let's  change  an  IMPROPER  FRACTION  to  a  decimal.    It  is  done  in 

thei  s^ne  manner,  .but  NOW  the  answer "^11  include  a  whole  numbter. 

3  A' 5  S 

For  example:    ^  changed  *to  a  decimal  is    2/3.0.  /.    As  you  can  see,  an 
d  2 

1  0  - 
10 


\  ■ 

improper  fraction  will  become^  a  whole  number  and  a  decimal  (l«5)« 
Change  =^  to  a  decimal. 
If  your  answer*  is  : 

1.7  • 


8C  . 

You  have  the  3  zeros  but  what  happened  to  the  -1?    The  deciraal  .679 
is  read  "six  hundred  seventy-nine  thousandths^1  so  the  denominator 
becomes  ^LOOO.    Return  to  p&ge  4B  and  select  the  correct  answer. 


37S 


a.  .65 

b.  60.097 

c.  300.4 
ci.  .0075 

e.  58.66 

f.  .049 

1 . 

18.    All  fractions  can  be  changed  to  a  decimal  by 

dividing  the  nuj.ierator  by  the  denominator.  The 
decimal  may  be  carried  out  as  many  places  as  the 
problem  indicates.    Example:  2  ^6  a  decimal  is 

8 

.875 

8/7.000    DltOKdJ  INTO  i;Ti*;Pii: 

a.  Divide  the  numerator  (7)  by  the 
denominator  (8). 

b.  Place  the  decimal  point  to  the  right 
of  the  numerator. 

c.  Add  zeros  to  the  right  of  the  decimal 
point  as  needed.  * 

d.  Place  a  decimal* point  in  the  quotient 
DIRECTLY  over  the  decimal  point  in 
the  division  bracket. 

e.  Carry  the  quotient  out  as  far  as 
necessary. 

Change  ^  to  a  decinial. 

If  your  answer  is:                        Go  to  page: 
2.0                                              j  16B 

.5    «  u 

• 

5.0  i8c 

v, 

If  ;*ou  a£g^Qadiii£  this  paragraph,  then  you  are  not  following  directions. 
Krprc  :iV:re  on,  ;:ou  must  follow  the  directions  given  in  each  frame 
V:  RY  C'AI-u  .FIJM.Y.    iietuni  to  the  franie  above  and  follow  the  directions 
fiven  there. 

* 

.9 

0 
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ANSVffiRS  TOJPAGE  18A:_  a._.8  _  b._5_.2_  _cx        jd^  1.2 
You  have  learned  how  to  change  a  fraction  to  a  decimal,  so  let's  change 
a  decimal  into  a  fraction.    The  FIRST  thing  to  do  is  to  make  the  digits 
of  the  decimal  the  NUMERATOR  OF  THE  FRACTION.    The  denominator  of  the 
fractions/ill  have  a  one  (1)  followed  by  the  same  number  of  zeros  as 
there  are  digits  in  the  decimal.  ,  For  expnple,  the  deciual  .27  becomes 
the  fraction  Notice  how  the  digits  27  become    the  numerator  and 

tfte  denominator  begins  with  a  1  and  two  zeros  follow.    There  were  t*p 
digits  in  the  decimal,  thus  there  are  two  zeros  in  the  denominator. 
Change  .7  to  a  fraction. 


ft  .  * 

If  your  answer  is  : 

JL 

100 

JL 

10 

J_ 

4 


16A 
6B 


o4  10 


38'j 


Fine.    As  you  h;t^e^clone  on  this  problem,  make  sure  that  any  fraction 
you  are  work  in/1;  v/ith  is  in  its  lowest  terras.    Change  the  following 
Decimals  to  fractions.    Remember,  REDUCE  each  to  its  lowest  tenns. 
If  you  still  are  not  certain  of  just  how  to  change  decimals  to  frac- 
tions, go  back  to  page  10  and  rapidly  review. 
Change  these  to  fractions: 


la#  .7000— 


b.  .009- 


c.  .75— 


d.  .2— 


Turn  to  oa/;e  12  for  answers* 


/ 


11B 


You  neglected  the  decimal  point.    You  rifust  place  decimal  points 

DIRECTLY  UNDER  EA&H,  OTHER.    The  sum  will  have  the  decl-nal  point 

carried  right  down  into  it  from  the  column  beinn  added. Return 

page  17A  and  do  the  problem  again.    Remember  to  put  the  decimal 

under  eath  other.    EXAMPLE:  18.6 

.01$ 
2056.11 
+  1.1 
2075.825  N 


to 


ints 


11 


9 
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ANSWERS  TO  PACE  HA:    a._2_       b.  9           c.  2.       d.  1  ' 

10           1000  .          4  5 

Continue  your  lesson  in  frame  19  below. 

■ 

19.    In  many  cases,  a  large,  cumbersome  decimal  is  not 
necessary.    In  those  cases  where  a  smaller  decimal 

$     will  do,  you  may  ROUND  OFF  the  decimal.    To  make 

^ — 

"  a  large  d^imal  smaller  and  easier  to  use  without 
losing  a  great  deal  of  accuracy,  you  will 

the  large  decimal. 

round  off 

t 

20.    Rounding  off  involves  THREE  steps.    The  FIRST  TWO 
are : 

a.  Determine  the  PLACE  you  want  to  round  off  to. 
(Tenths,  hundredths,  etc.) 

b.  Look  FIRST  at  the  number  (digit)  DIRECTLY  to 
the  right  of  that  place. 

Example :  *176 

To  round  to  hundredths:    First  look  at  the 
number  to  the  right  of  the  hundredths  place. 
In  this  case^it  is  a  6. 

The  FIli°»T  nujfiber  that  you  will  look  at  when 
^           rounding  .265  to  TWJTHS  is 

(number) 

A 

12  Continue  to  pa^e  13. 


6 

•21. 

You  have  the  decimal  .27364,  and  you  want  to 

round  it  off  to  tenths.    What  number  would  you 

- 

lodk  at  first?    (Circle  your  choice.) 

a.    2                                                                .  . 

b.  7 

C  3 

• 

d.  6 

e.  4 

7 

22. 

The  THIRD  STEP  is: 

If  the  number  to  the  right  of  the  place  you  are 

• 

rounding  off  is  5  OR  MORE,  you  ADD  (+l)  one-,  to 

the  place  and  drop  the  remainder  of  numbers. 

* 

For  exampl§ :    .  176 

This  decimal  rounded  to  tenths  becomes  ,2 

because  the  number  to  the  ri^it  of  the  tenths 

place  (7)  is  5  or  greater.    Also  note  uhat  the 

.7  and  6  we  re^  dropped  #  , 

Round  ,0074  to  the  nearest  HUNDREDTH.  (Circle  your 

answer. ) 

a.  ,01 

b.  .007 

i 

c.  .1 

d#     .08                                   •  , 

.01 

23. 

VJhen  the  number  to  the  ri^ht  is  IESS  THEN  5, 

leaver  the  place  value  as  is  and  DROP  THE  REMAINDER 

OF  THE  NUMBERS.  ^ 

• 

Round  the  decimal  .7848  to  hundredths. 

(Circle  your  answer.) 

c 

a.     .yo       d.    •  ri       cm    .  fo>       a.     •  /ouu 

13  ^Continue  to  page  14. 


.41  | 
.408 
.4081  . 
.40806 
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2k*  REMEMBER: 

a.  FIRST,  look  at  the  number  to  the  right  of 
the  place  you  are  rounding  off. 

b.  If  the  number  is  5  or  ratfre,  add  1  to  the  pla^e. 

c.  %i  less  then  5*  cfc>  not  add  anything, 

d.  Always  drop  the  remainder  of  dibits  to  the 
right  of  the  rounded  off  place. 

Round  these  decirrals  to  the  indicated  places: 

Tenths:  .408062   

Hundredths:    .408062  J  

Thousandths:  .458062^ 

Ten  Thousandths:  .408062   


Hundred  Thousandths:  408062 


25.    Round  of f  the  following  decimals: 

To  Hundredths:  To  Tenths: 


41.1145— 


.6419— 


798509— 


To  Ten  Thousandths: 
.29826—  


1.11181— 


Hi 


Continue  to  page  15. 
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Hundredths 

41.11 
.99 

Tenths. 
.6 

Ten  Thousandths 

.29B3 
1.1118 

t 

t                   -                                                                    -    -  —  - 

26.  .If  you  are  NOT  having  trouble  with  rounding  off, 
proceed  to  frame  27.    If  you  are  and  your  trouble 
is  mainly  knowing  the  "places",  turn  tc  page  2, 
frame  7,  and  review.    If  you  do  not  understand 
how  to  round  off,,  review  or  raise  your  hand  for 
assistance. 

When  you  have  corrected  your  trouble,  continue 
to  frame  27. 

*    NO, RESPONSE  REQUIRED.  *. 

27,   Hound  off  each  of  the  following  decimals  to 

the  indicated  place. 

(7 

"To  the  nearest  tenth:    To  the  nearest  hundredth: 

a.     $329—                        c.  .10909— 
* 

- 

b.     .05—                         d.  8.3434— 

Jo  the  nearest  thousandth: 

e.  .2551— 

t.  5.9738— 

...                         ■  V 
,  To  the  nearest  ten  thousandth;  \ 

.  e.  7.777774— 

h.  .000891— 

To  the  nearest  hundred  thousandth: 

i.     .0980653—  _ 

\ 

1.  3.000051— 

Turn  to  pa^e  17A  for  ansv/ers. 

* 
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16A 


X 


Very  good.    The  next  thing  to  remember  is:    Hake  S'ire  the  fraction 

is  in  its  lowest  terms.    For  ejiaraple,  changing  the  decimal  ,5  to  a 

fraction,  it  first  becomes  5    js  this  in  the  lowest  terms  possible? 

JJJ9  1 

.  1 

Of  course,  the  answer  is  no.  In  its  lowest  terms,  it  would  be  ^2  • 
Always  check  the  fraction  and  be  sure  it  is  in  its  lowest  terms. 
Try  this  one  now.  Change  .045  to  a  fraction. 

If  your  answer  is:  Go  Jto  page: 


2 

200 

ki 
1000 

ki 

100 


11A 


8A 


2LB 


16B 


In  ord^r  to  change  a  f-raction  to  a  decimal,  you  divide  the  numerator 
by  the  denominator.    You  did  not  do  this.    In  the  case  of  j  ,  the 
denominator  (2}  is  divided  into  the  numerator  (1)  like  this: 


ALL  fractions  are  changed 


2/1.0 
1  0 

2  changed  to  a  decimal  is  therefore  .5 
to  decimals  in«the  same  manner. 
Change  jr  to  a  decimal. 

If  your  ansvrer  is: 
.750 
.75 


Go  to  page: 
6D 
4A 


16      -v  K* 
386 


o 

ERIC 
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17A    AWSWEfiS  TO  PACE  15  FRAME  27: 
a.  .3     b.  .1     c.  .11     d.  8.34     e.  .255  -   f. '5.974 
g.  7.7778     h.  .0009     i.  .09807     j.  3.00005 

Yow  will  now  learn  the  Last  four  objectives —  How  fco  ADD,  SUBTRACT 

j       NULT] PLY, AND  DJtflDE  decuoaAs.    Continue  belot^. 

  _  -  ~\ 

Adding  decunals^  much  the  same  as  simple  who le^  number  addition. 

We  di. 


X 


difference  is  -that  there  is  a  decimal  point  to  keep  in  mi^dT. 
The  decijnals  are  put  in  a  colmnn  and  decijnal  points  are  under  decimal 
points  (see  example).    The  decimal  point  is  brought  down  EXAMPLE; 


to  the  sum  and  the  addition  is  carried  on  just  alPit  is  in 
wh&ie  mmber  addition. 

Add  these  decijnals.    33.79  +  .97  +  2.2  = 
If  your  answer  is:  Go  to  page: 

36.96  19A 

» 

3498  '     ,  us 


6.3 
.01 
22.22 
28.53 


17B 


Wrong.  The  number  to  the  right  of  the  division  sign  is  always  the 
divisor. 

.'064  t  3,2  (3.2  is  the  divisor,  not  .064.) 

Return. to  page  26  and  select  the  correct  answer. 


17  L 
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ISA  '  i 

Right.    If  you  want  to,  review  before  you  do  the  pro i. Urns  below,  *- 

return  to  page  9,  fitune.  18,  read  the  rules,  and  then  come  back  and  solve 

the  problems.    If  you  think  you  are  ready,  now,  then  chance  each  of  the 

fractions  below^to  decimals.  V 


M  21 
10 


Turn  to  page  10  to  check  answers  and  coulinye  fro:.:  there. 


34  2_ 


18B 


No.    Move  the  deciml  point  in  the  dividend  the. mum  number  of  places 

(3  '    '  

as  you  did  -fn  the  divisor.    Example?   3.2/.064  because  32./0.64 . 
Return  to  page  26  and  select  the  correct  answer.  *\ 


ISC 


You  set  up  your  problem  incorrectly  and  had  the  decimal  iW  the 
wrong  place.    This  is  what  you  should  have  set  up  for  your  division: 
2/l700  .    Return  to  page'  9,  frame  18,  and  determine  the  correct  answer. 
Then  turn  to  the  correct  answer,  page. 


0 
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19A 

Right •    The  rain  thing  to  remember  is  to  "keep  the  decimal  points  & 
lined  up  -under  each  other.    Now  let's  subtract  decimals.    The  rules 
are  the  same  as  they  are  in  the  subtraction  of  whole  numbers.  Just 
as  in  the  addition  of.  decimals,  the  decimal  points  must  be  lined 
up  under  each  other.    You  must  also  remember  that  the  smaller  of 
the  numbers  must  go  under  the  larger,    "  * 
Solve  this-  problem:    729.75308  -  .0077= 

If  your  answer  is:  Go  to  page: 

729.75231  20B  ■■■■  "  ^ 

729.74538  m  22 


ANSWERS  TO  PAGE  24A:    a#  66.42     b.  .825     If  your  answers  are  not 
correct,  make  the  corrections  and  continue  below. 

Now  let'1 8  divide  decimals.    The  most  important  factor  is. that  the 

divisor  must  be  "made"  a  whole  number  before  division  is  started. 

This  is  done  by  moving  th£  decimal  in  the  divisor  all  the  way  to  the 

right. 

Ex:    .25/         becomes    25./    ~\    Then  move  the  decimal  in  th$ 


dividend  the  same  number  of  places  to  the,  right.    Ex:  .25/1.25 


becomes  ^25. /32^.  Move  the  decimal  point  in  the  follcnri-ng 
\    division  problem  and  solve.  * 


v 


3.3A66     -  \ 

Turn  to  page  24B. 

19 
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20A 


Right.  REMEMBER:  Thfe  divisor  is  to  the  right  of  the  division  sign. 
Solve  these  problems  and  show  your  work,  j 


a.    4.9  +  .007= 
WORK  HERE  -  - 
a. 


b.    1179  +  33.1- 


b. 


c.  .02925  -f-  2.25= 
c. 


1^ 


Go  to  page  23B  fqjj  answers, 


20B 


ifemember  when  you  were  told  that  decimal  points  must  go  undeip  decimal 
points?    Well,  the  error  you  made  was  because  of  trie  decimal  placement. 
A  good  way  to  remember  the  decimal  points  is  pi^  them  on  the  paper 
first  (in  a  column)  and  then'  put  the  numbers  down.    Also  remember 
to  put  the  decimal  ip.  the  answer  DIRECTLY  under  those  in"  the  column. 
Go  bach  to  pace  19A  and  do  the  problem  again. 


20C 


«o#    DO  NOT  ADD  ^an  extra  zero  on  the  right  of  any  answer.    If  you  need 
zeros  to  jaake  your  digit  count  correct,  they  must  go  to  the  left  of 
the  answers.    For  example:    .2  x  .002  will  equal  .0004,  *iot  .4000. 

iletuin  to  page  23A  and  select  the  correct  answer. 


20. 
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21A  X 
.   lour  decimal  point  should  have  been  placed  like  this: 


3.217  ■ 

"     '  x  .471 

-3217  ' 
22519 

\  .  1236G 

1.515207 

If  you  had  it  any  place  else,  return  to  page  22  and  read  the  rules 
again.  »  . 

If  you  did  it  correctly,  do  the  foliating  problems  by  placing  the 
decimal  points  correctly  in  the  product. 

a.         .0035  b.  22.222 

x   3.28  5"               x  .11 

-  230  >  22222 

70  V '  22222 

105  244442 


11430 


Turn  to  page  23 A » 


223  .  -\ 

There  are  more  than  two  digits  in  the  decimal  #045.    Zero  IS  a  digit. 
That  majces  three  digits  in  this  decimal*  You  should  use  the  sane 
nuwber  of  serqs  as  there  are  digits  and  mate  the  denominator  1000. 


Return  to  page  16A  and  select  the  correct  answer. 


21 
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Right.    You 'are  now  ready  for  multiolication,    Ueciinals  are  multiplied 
just  as  whole  numbers  are,  except  you  have  a  decin^l  point  to  put  in 
the  final  answer  (producp^.    DISREGARD  the  decimal  point  in  the  first 
two  steps.  ^A  sample  problem  is  broken  into^steps  to  clarify  the  prqcess. 
PROBLEM:    .15  x  1.10  « 

a.  Place  the  larger  number  OVER  the  smaller;    Ex.  1.10 

x  ,15, 

b.  Multiply  just  as  you  do  in  whole  numbers.   .Ex.  1.10 

x  .15  * 
/  -550 
-  /  110 

1650 


d. 


Count  the  mazier  of  digits  to  the  right  of  the  decimal  ^points  in 
the  factors  of  the  problem.  -Ex.    1#10  and  .15  .»  4  digits  to  the 
f  ri^ht  in  this  case  t  ^ 

Count  off  4  places  FRQtlHE  RIGHT  in  the  PRDlfcjOT/  and  place J* 
decimal  point/  Ex.    .1650,   (product  of  this  problem)  G 


Another  example:    3.1  x  10.21  '  (would  be  set  up  and  solved  like  this): 

t 

.  10.21  ■ 
x  3.1  ) 
102L 

.  3063 

(  31.651,  product 


Place  the  DECIMAL  POINT  in  the  product  of  this " problem: 


3.217 
x  .471 
3217 
22519  * 
12868  " 
1515207 


Turn  to  page  21A. 
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ANSWERS  TO_PAGE  21A:_^  a._.01^80_or"  _1_0il^8_  _b._ 

Let's  try  another  to  make?  sure  that  you  have  the  decimal  point 

placement  down  pat.    Solve  this  one:      .55  x  .003  =  • 


If  your  answer  is: 
.  .01650 
.00165 


to  page: 

20C 

2AA 


23B 


AIDERS  T0_PAGE  20A:_  _aJL  299.  _  b._90  _  C._.013_ 

Solve  these  problems:  (SHOW  ANSWERS.) 


a.  289.0Q38  +  .992763 
c.    .42x3.7  = 

WORK  ON  SCRATCH  PAPER. 


b.  f3928  -  .02867  = 
d.  ,4.32  *  .0036  - 


Turn  to  page  25. 


j 


.23 
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Very  good*  Care  mpst  be  taken  with  your  arithmetic.    It  is  always 
a  mod  idea  to  CHECK  your  multiplication  and  addition.    This  is  where 
mos\jt  of  the  errors  are  made,  with* a  few  being  made  on  the  placement  "\ 
of  the  decinal  poinb^ 

Let's  try  two  more.    After  completing  them,  check  your  arithmetic 
and  decimal  placement. 

a.    332.1  x  .2  m  b.    .55  x  1.5  = 


/ 


TURN  TO  PAGE  19B. 


r 


-24B     s    ^  .  .2 

becomes  3^#/£f  6     by  moving  the  decimal  polkt  one  place. 

VJhen  the  divisor  IS  a  whole  number  and  the  dividend  is  a  decim^L, 

such  as  33/6 .4*  you  do  not  move  the  decimal  point.    Simply  place  the 

decimal  point  up  in  the  quotient  directly  over  the  decimal  point  in 

♦ 

the  dividend;  then  divide.    For  example:    275/3 •kk 

Solve  tjiis:  26/7.B 
The  answer  to  the  problem  above  is:       (Circle  your  answer.) 

a.  3  > 

b.  .3 

c.  .03  — 

Turn  to  page  26. 


2U 
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ANSWERS  TO  PAGE  23B 

a.  289.003800 
+  -992763 
289.996563 


ll.  *39280 
-_10286£ 
.36413 


c.  .42 
x  3.7 

294 
126 

-1.554 


1200 

d.  36/43200. 
72 


If  you  missed  any  of  these  problems,  go  to  the  part  of  the  program 
that  .teaches  that  type  of  problem  and  read  the  rules  again.  THEN 
correct  your  error.    The  pages  that  teach  each  function  are  listed 
below. 

ADDITION'  (Page  17A)  '    — ~y 

SUBTRACTION  (Page  19A) 

4 

I-RJLTIPLICATIOH  (Page  22) 

c     DIVISION  (Pa«eS'19B  &  26) 

\ 

This  completes  your  lesson  in  decimals.    Working  partial  nutabers  is 
easier  'when  you  use  decimals  rather  than  fractions,  so  this  lesson 
Is  very  important.  :  ^ 


A  Self -Test  begins  on 'page  27 • 


25 
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26/7^8    solved  is:    26/7. & 
If  the  dividend  IS  a  whole  number,  Ex:    1.32/25.  ,  add  zeros  and  move 
the  decimal  point .    Ex:    1.32/25.00  .    When  the  decimal  has  .been  moved 


as  appropriate,  then  place  a  decimal  point  in  the  quotient  directly 
over  the  poin£  .in  the  dividend,  Ex:    Z'J/^°°  311(1  3olve. 

Example:    2  .J/.  It  00  f  «,' 

•     *•  ..  $ 

NOTICE  HOW  THE  QUOTIENT  IS  .04  AND  NOT  .4.    THIS  IS  BECAUSE  25  GOES  INTO 

■(, 

10  ZERO  TIMES,  AND  INTO  100  POUR  TIMES. 


Solve  the  problem  below: 
.064  +3.2 


If  your  answer  is: 

'      50.  - 
^364/3.200. 

,  .2. 

3.2/365T 


.02 

3.2/C064 


Note:    +  is  the  sign  for  division  % 
and  the  number  on  the  right 
«t  is  always  the  diviibr. 


Go  to  page: 
,  17B 
18B 


<2 


20A 
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SSLF-TEST 
DECIMALS 


1#   "Write-in  your  own  Words,  the  definition  of  a  decimal. 


2#    Match  the  numerical  decimals  in  Column    A  with  the  appropriate 
word  decimals  in  Column  B.    Place  the  letter  frftto,  Column  A  in 

.the  blank  next  to  the  correct  word 'decimal  in  dolumn  B# 

'  .*  ,* 

A  B 

a#    3    OU   One   hundred  forty-six 

b#    ,379   Three  hundred  seventy-nine 

thousandths 


c#  '1.46 
d.  90.001 


Thirty  and  four  hundredths 

Ninety-one  thousands 

Three  hundred  seventy-nine 
thousand 

One  and  forty-six  hundredths 
Thirty-four  hundredths 
Ninety  and  one  thousandths 


3#    Write  the  numerical  foxm.of  the  following  wortjl  decimals: 

*. 

a.    Nine  and  eeventy-five  hundredths  »-v 
b#    Twelve  a$J0  three  tenths  _______ 

c.   ^even  and  one%hundred  twenty-three  thousandths   

d#    Seventy -three  ten  thousandths       ,  ^  Sv 
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4.    Chang©  the  fractions  below  to  decimals. 


a.  \  = 
10 

b. "  k  a 

5 


c.  I  a 
4 

d.  i° 

'  2 


5.    Change  the  decimals  below  to  fractions.    REDUCE  TO  LOWEST  TERMS. 


a.  .25 

b.  .9 


e.    .105  * 

d.    ,35  *Q 


6.    Hound  off  the  following  decimals  as  directed. 

NEAREST  TENTH;  '         NEAREST    THOUSANDTH ; 

e.    .05671  - 


a.  .6354  - 

NEAREST  HUNDREDTH  :  % 

b.  13.846?  - 

7.    Add  the  following  decimals: 
a.    9.37  +  15.756  +  .76  = 


NEAREST  TEN  THOUSANDTH ; 
d.    1.60006  - 


b.    69.333  +  .12  +  111.1 


c.    .0055  +  7.02  +  12.367  a 


28 
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3.    Subtract  the  following  decimals: 

a.  13.14  -  2.96  « 

0. 

b.  .7068  -  .077  = 


353 


c.    447.3  -  .93  ° 

9.  Multiply  tho  following  decimals: 

a.  .03  x  10.31  ■ 

b.  .71  x  .004  ■ 

f 

c.  1.51  x  .212  o 

10.  Divide  the  following  docinals: 
a;   .08  «•  .004  ° 

b.    .00344  ♦  3.44  - 


c.    .04  ♦  .08 


END 


ERIC 


Answers  to  the  Self- Test  are  found  on  page  i  in  the 
front  of  the  textt  * 
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Department  of  Medicine 

School  of  Health  Care  Sciences 

Sheppard  AFB,  Texas 


SG  3ALR91630-I-te— 
Auaust  1973 


CARD IQVA  S CULAR  DRUGS 


LANOXIN,  TM 
QIGOXIN 

Digital it ing  docc: 
2.0-3.0  mg.  orally 
L .0-2.0  mg.  I.V. 

Congestivs  heart  failure 

control  ventticular 

rate  in  atrial  flutter 
fibrillation 

VPC's,  A-V  Conduction  disturb- 
ance 

nausea i  vomiting,  yellow  vision 
and  other  CNS  symptoms . 

DIGITOXXH 

Digitalizing 
1.0-200  mg.  orally 

Same  as  digoxln  but 
slower  action  and 
prolonged  effect 

Same  as  digoxin;  toxicity 
more  prolonged. 

XYLOCAINE,  TM 
LIDOGAINE 

70-100  mg.  I.V.  x  3: 
1.0-4.0  oig/nln. 
I.V.  drip. 

Ventricular  arrhythmia* 

/ 

Seizures,  A-V  block 

PRONESTYL,  TM 
PROCAINE  AMIDE 

0.5  Cm.  q  6h  orally; 

100  mg. 

Atrial  and  ventricular 
arrhythmias* 

Hypotension .^fiarrhea,  intra- 
ventricular conduction  delay 
ventricular  arrhythmias,  skin 
rash,  systemic  lupus 
erythematosis* 

QUINIDINE 

0. 2-0.4  Qm  q  4h 
orally 

LOu  mg.  IM,-*  3  rain, 
k  S. 

Atrial  and  ventricular 
arrhythmias 

GI  symptoms,  tinnitus,  fever  * 
syncope,  thrombocytopenia, 
hypotension,  intraventricular 
condition  d**iay,  ventricular 
arrhythmias. 

400       This  SG  supersedes  SH0  3ALR91 630,  dated  July  1972 
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EDECRIN ,  TM  ") 
PTHArRVNTf  Arm 

V 

25-50  mg.  I.V. 
jU"Huu  rug •  oraiiy 
divided  doses 

kcute  pulmonary  edema; 
congest ive  nearc  taiiure 

> 

Potassium  depletion;  alkalosis; 
excess  diuresis;  acute  gout; 
thrombocytopenia 

LASIX,  TM. 
FUROSEMIDE 

10-20  mg.  I. V.; 
orally 

Spjme  as  ethacrynic  acid 

Potassium  depletion;  alkalosis; 
excess  diuresis. 

GLUCAGON 

2,5  mg.  I.V. 

Shock: 

acute  heart  failure 

Nausea 

kRAMINE,  TM 
METARAMTNOI. 

50-200  mg./Lj 

give    <.—  J  CC./luLU 

I.V. 

Shock 

 \  • 

Use  body's  own  catecholamines, 
so  may  need  increasing  nose; 
ventricular  arrhythmias;. 
exca*siv*  -vasopressor-  raaponsa 
persists  20-60  min.  $ 

LEVOPHED ,  TM 
NOREPINEPHRINE 

1-4  ampules  (4-16 
mg.  Levophed  base) 
per  liter,  20-30 

Shock 

Cutaneous  necrosis  (treat  with 
ELegitine);  reduction  of  blood 
volume;  ventricular  arrhythmias. 

n/Y AMINE ,  TM 
NOREPINEPHRINE 

1000  mg./L;  give 
1-3  cc/min. 

Shock 

CNS  stimulation. 

HEPARIN 

5000-15000  units 
io> 000-20, 000  , 
units  subcutane- 
ously 

Decrease  blood  clotting 
tendency,  prevent  thrombi 
and  emboli;  control  dose 
With  clotting  time. 

Bleeding •    Antidote :  protamine 
sulfate  or  fresh  blood. 

COUMADIN ,  TM 
PANWARFIN ,  TM 

 — _ 

30-60  mg.  initially 
initially,  2-10  mg 
dcily 

L-_  _J 

Same  as  heparin.  Control 
dose  with  prothrombin 
time 

Bleeding.    Antidote:    Vitamin  K 
(Mephyton,  TM) . 

2  m 
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dilantin,  tm 
diphenylhydAntoin 

25d 

5.  <? 
J'  o 

slo 

iop 

«                    1  ■ 

mg. ,  diluted  In  • 

s%       c n  1  lit"  i An       T  XT 

rfiy  over  5  rain. , 
q.l.d.  orally 

i 

Arrhythmias  due  to  digitalis 
prior  to  cardioversion.  4 

Local  thrombophlebitis* 
Respiratory  Arrest, 

^  ( 
INDERAL,  TM       %  ' 

PRHPP  A  MOT  HT 

10- 

1.1 

giv 

SO  tag.  q  6  h  oraliy; 
u  rag.  4  f"D  n  x.v., 
en  1  tag./min. 

Angina,  atriaV  and 
vent l  Lcuior  »r  r  uy  t iuD4.ao 

/ 

Heart  failure,  shock 

net*  Vifna       4aV    V>  1  nr»Vr 

aaLnniciy  a*v  uiuun 

ISUPREL,  TM 

T  C ADD  fYTVO  DMAT 

0.  2 

1.  V 
Sub 

il.O  mg. -in  500  cc 
.  drip;  10  mg^  . 
.ingual 

Bradycardia,  3°  A-V 

BLOCK. 

Tachycardia,  ventric- 
mar  army uiuDJLas  >  ^ 
myocardial  necrosis. 

AiKUrlNfi 

1.0-2.0  mg.  I.V. 

pLnuB  Draaycara io ,  a*v 
a  lo  ck 

Tioy  siow-VcutncuioL 
rate  in  2°  A-V  block, ^ 
glaucoma,  urinary 
retention,  delerium, 
fever • 

EPINEPHRINE 

1.0  rag.  (1  cc.  of 

■'  \ 

1*1000)  I.V. 

Ventricular  fibrillation 
*hen  to  response  to 
precordial  shock 

Tachycardia,  ventric- 
alar  Arrhythmias 

SODIUM 

BICARBONATE,  5% 

« 

ft 

50  cc.  initially, 
repeated  every  5 
of  circulatory 
arrest .  ^ 

Correction  of  acidosis 
iue  to  circulatory 
arrest  or  shock. 

• 

Local  thrombophlebitis 

i 
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-ASSIGNMENT  SHEET 


This  assignment  she#t  should  be  used  when. 

m  You  are  to  complete  only  a  part  of  this  text. 


Your  assignment  within  this  text  is  dfHded 

into  two  or  motre  reading*periods. 

\ 


Your  instructor  will  make  assignments  by  identifying  specific  objectives,  text 
material,  and  review  questions. 


HI)  TIT  PfTVFS 

(by  No) 

TEXT  MATERIAL^ 
(by  page  and/or  frame) 

REVIEW  QUESTIONS 
(by  No) 
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Page  1 


— _:   > 

What  is  a  GRAPH? 

'                      1.      A  GRAPH  is  a  pictorial  representation  of  the  relationship 

between  two  or  more  quantities.  A  pictorial  representation 
between  Htoo  or  more  quantities  is  a  j 

graph 

• 

2.  ^Basically,  allographs  fall  into  two  types:  (a)  those  rej>re- 
senting  a  LINEAR  function  and  (b)  those  representing  a 
NONLINEAR  function;  A  straight  line  is  the  gVaph  of  a 

function. 

linear 

3\      A  curved  line  is  the  graph  of  a 
function. 

nonlinear 

\ 

4.      The-sine  wave  is  a  graph  of  a  nonlinear  function;  it  forms 
a    ,  line. 

curved 

* 

5.      What  is  the  difference  between  the  graph  of  a  linear  function 
and  the  graph  of  a  nonlinear  iunction? 

Turn  to  Page  2  and  continue. 
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Page  2 

THE  ANSWER:  * 

A  linear  graph  is  a  STRAIGHT  line;  a  nonpar  graph  is  a  curved  line. 

To  graph  Ohm's  Uiw  (I    -£)  hn  the  sot  of  coordinate  lines  below,  we  mark 
voltage  values  on  the  horizontal  lbio  (see  K— )  and  currontVluat  On  the  vertical 
line  (see  I  \  ).'  Moving  horizontally,  each  vertical  lino  represents  10  volts. 
Moving  vertically,  each  horizontal  line  represents  1  milliamp.   Dy  holding  the 
resistance  constant  at  a  given  value,  we  can  find  the  resulting  current, value  for  any 
applied  voltage  between  0  and  lOOv.   Any  pair  of  voltage  and  current  values  can  be 

1 

represented  by  a  point  marked  on  the  graph.  (Example:  4  ma  and  '40  volts. )  This 
point  is  found  by  moving  across  the  graph  paper  on  the  line  representing  4  ma  of 
current,  and  up  on  the  line  representing  40  volts  (see  pt.  A).  Where  the  two  lines 

cross,  mark  the  point.  Repeat  this  procedure  with  other  values  of  E  and  I  unt'l  you 

fa- 

hav^  marked  several  points.  Then  connect  the  points  together/with  a  line.  This  line  \ 
is  the  graph. 


10  MA 
8  MA 
6  MA 
4  MA 
2  MA 


—POINT  A 

— < 

20V    40V    60V    80V  100V 


3A 


) 


v  • 


On  the  set  of  coordinate  lines  in  Figure  3B,  plot  the  values  of  current  and 

X  * 

re  given  in  the  table,  Fi 
a  eonstarft  10k  SV  resistor. ) 


volume  given  in  the  table,  Figure  3  A.  (This  table  was  made  using  Ohm's  Law  with 


 —  

1 

100V 

10  MA  q 

50  V 

5  MA 

,20V 

-     2  MA 

10V 

IMA 

Figure  3A. 
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10  MA 
8MA 

6  MA 
4  MA 
2  MA 

0 


% 

V 

a 

■v 

& 

—J 

20V    40V    60  V    60  V   100  V    120  V 

Figure  3B. 


After  you  have  plotted  the  4  points,  connect  them  to  complete  your  graph. 


What  type  of  graph  is  this? 

Linear. 
Nonlinear. 


Turn  to  page  4, 
Turn  i&  page  5. 
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YOUR  ANSWER:  Linear 
(From  P-4) 


Friend,  you'were  a  little  hasty;  your  answer  is  wrong. 

We  are  using  the  power  formula       l2R)  in  this  problem.  Since  the  current  is 
squared,  the  graph  cannot  be  a  linear  one.  Go  back  to  page  4  and  plot  the  points 
correctly.  If  your  graph  is  still  a  straight  line,  see  your  instructor  for  help. 


4x0* 


Page  4  

YOUR  ANSWER:  Linear 
(From  P-3A  or  P-5) 

-<  Right  you  are.   For  a 

quick  check,  compare  your 

graph  with  Figure  4A. 

Now,  let's  hold  the 

resistance  constant,  and  see 

what  happens  to  the  power  as 

the  current  is  changed.  On 

the  set  of  coordinates  in 

Figure  4B,  *plot  the  pairs  of 

values  listed  in  the  table 

below.    (R  =  5k  _a  ) 


1 

P 

0  MA 

0  W 

1  MA 

5  W 

2  M\ 

20  W 

3  MA 

45  W 

4  MA 

SOW 

10  MA 
8  MA 
6  MA 
4  MA 
2  MA 
O 


/ 

\ — 

/ 

zz 

/ 

20  V    40V    60V    80V    100  V 

Figure  4A. 


IOOW 
80W 
60W 
40W 
20W 
O 


IMA      2MA   3 MA  4MA    5MA  6MA 

Figure  4B.  * 


After  plotting  the  5  points,  connect  them  together  to  form  a  graph. 
What  type  of  graph  is  this? 

Linear.  Turn  to  page  3B. 

Nonlinear.  Turn  to  page  6. 
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Page  5 


YOUR  ANSWER.  Nonlinear 
(From  P-3A) 


You're  wrong  on  this  answer.  Your  graph  should  be  a  straight  line.  Let's  go 
over  the  procedure  a  little  slower  and  find  the  mistake. 

Here's  the  table  again.  Each  pair  of  voltage  and  current  values  can  be  repre- 
sented by  a  point  on  the  graph. 


£ 

1 

100V 

IOMA 

50  V 

•  5  MA 

20  V 

2MA 

10V 

IMA 

IOMA 
8  MA 

6  MA 
4  MA 

2  MA 

0  k 


1 


20V    40V    60V    60V  100V 


Go  up  ^he~  vertical  line  representing  lOOv,  and  across  the  horizontal  line 
representing  lOma  (this  procedure  is  shown  by  arrows  on  the  graph  above).  Where 
the  two  lines  meet,  mark  a  point.  Repeat  this  operation  for  each  pair  of  values 
listed  in  the  table;  then  connect  the  points  together.  The  resultant  graph  is  a  straight 

line.  It  is  a    graph. 

linear/ nonlinear 

+  -  - 

Continue  at  the  top  of  page  4. 


Page,  6  

YOUR  ANSWER:  Nonlinear 
(From  P-4) 

You're  right  again. 

However,  check'your  graph 

against  this  correct  graph 

to  make  sure  we  agree. 


100  W 
80  W 

60W 
40W 
20W 


2 


a 


IMA  21 


Let's  talk  about  vectors. 

1.    A  VECTOR  can  be  defined  as  a  straight  line  that  indicates  both 
magnitude  and  direction  of  a  quantity.  The  straight  line  below  lias 
a  certain  leiigth  and  is  pointing  in  a  certain  direction. 


This  line  is  a 


vector 


2.    A  vector  indicates  both  MAGNITUDE  and  DIRECTION  of  a  quantity. 

The  length  of  the  line  indicates  the  __„  °*  the 

quantity. 


magnitude 


3.    The  arrowhead  indicates  the 


of  the  quantity. 


direction 


4.    A  vector  is  a 


 line  that  indicates  both 

_vand  of  a  quantity. 


straight 

magnitude 

direction 


Continue  on  page  7. 
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Page  7 


5,    Define  a  vector. 


THE  ANSWER:      A  vector  is  a  straight  line  that  indicates  both  magnitude  and 
direction  of  a  quantity. 

? 

Vectors  must  be  used  with  a  known  reference.  By  using  coordinate  lines,  such 
as  we  used  previously,  we  can  establish  a  known  reference  for  our  vectors.  Actually, 
the  graphs  that  we  have  constructed  so  far  have  been  plotted  on  only  l/4th  of  a  coordi- 
nate system,  as  shown  by  the  area  filled  in  with  grid  lines  in  Figure  7A.    A  complete 
coordinate  system  consists  of  two  perpendicular  lines  that  cross  each  ottyer  at  a 
point  called  the  zero  point.  (Check  Figure  7A. )  The/zero  point  is  also  called  the 
POINT  OF  ORIGIN.  All  vectors  we  will  use  will  start  from  this  point.  The  horizon- 
tal and  vertical  lines  that  pass  through  this  point  of  origin  are  known  as  the  "X"  and 
,fY*  AXES.  Both  the  X  and  Y  axes  aire  divided  at  the  zero  point  into  positive  and 
negative  values.  The  horizontal  line  is  the  X  axis.  All  values  to  the  RIGHT  of  the 
zero  point  are  POSITIVE  <  +  );  all  values  to  the  LEFT  are  NEGATIVE  (  -  ).  The 
vertical  line  is  the  Y  axis.  All  values  above  the  zero  point  are  positive,  while  values 

below  are  negative.  Figure  7B  shows  the  labeling  of  the  two  axes  in  the  coordinate 

* 

system. 


+  Y    j  +4 
■»  +  3 


-4-3-2-1 
-  X  I    I    I  I 


POINT  OF  ORIGIN 


Figure  7A. 


..  .  -I 
-2 
..  -3 
—  Y     1  -4 

Figure  7B. 


..  +  2 

..  +  I 
+1  +2  +3+4 
I    I    1    I +X 


Continue  on  the  top  of  page  8. 
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•    Page  8 

1   


1.    The  horizontal  tine  passing  through  the  point  of  origin  is  | 
labeled  the                                          .  rf 

X  axis 
* 

2.    The  values  on  the  X  axis  to  the  RIGHT  of  the  zero  point 
are       {             .  . 

positive  (  -  ) 

3.    The  values  on  the  X  axis  to  the  LEFT  of  the  zerc  point 
are  _  . 

negative  (—  ) 

4.    The  vertical  line  passing  through  the  zero  point  is  labeled 
the 

Y  axis 

\» 

5,    Values  on  the  Y  axis  BELOW  the  zero  point  are 

• 

*  negative  (  —  ) 

6.    Values  on  the  Y  axis  ABOVE  the  zero  point  are 

positive  (  +  ) 

7.    Label  the  "X"  and  "1 
following  coordinate 

» 

\-  

f"  axes  and  the  polarity  of  each  on  the 
lines: 

Turn  towage  9  and  continue. 


+  X 


-V 

L 

Figure  9A. 


-Y 

Figure  9B. 


+  Y 


-X 


II 

1 

"»> 

165*  y^Z 

2io*  JpC 

IV 

III 

■t-x 


-V 

Figure  9C. 


II 

i 

ih 

IV 

 Page  9 

Check  your  labeling  with  Figure  9A. 
By  crossing  the  X  and  Y  axes  at  the 
zero  pointy  the  entire  coordinate 
system  is  divided  iAto  4  equal  parts, 
called  QUADRANTS.  These  quadrants 
are  numbered  with  Roman  numerals, 
beginning  with  the  quadrant  to  the  right 
of  the  Y  axis  and  above  the  +X  axis, 
The  numerals  increase  in  a  counter- 
clockwise direction  (See  Figure  9B). 

Some  graphs  use  only  one  quadrant, 
while  others  use  two,  three^r  all 
four  quadrants. 

Vectors  always  start  from  the  point 
of  origin.  Their  angle,  used  to  denote 
vector  direction,  is  measured 
COUNTERCLOCKWISE  parting  from  , 
the  +X  axis.  Angles  between  0<>  and 
90°  aire  in  first  quadrant  (I).  Angles 
between  90*  and  180°  fall  into  the 
second  quadrant  (n).  The  third  quad- 
rant (HI)  includes  angles  between  J^80° 
arid  270°.  The  fourth  and  final  quad- 
rant (IV)  completes  the  circle  and 
includes  angles  between  270O  and  360° 

(see  Figure  9C). 

No  response  required. 


Continue  on  the  top  of  page  10. 


Page  10 
Let's  review. 

point 
origin 


1.    Vectors  start  frOm  the 


of 


arrowhead 


i  X 


counter- 
clockwise 


third  or  III 


second  or  II 


2.    To  draw  a  vector  correctly,  the  fcnd  of  the  vector  thfjtt 

gives  direction  must  have  an  drawn 

On  it. 


3.  The  angle  which  denotes  thqrdircction  of  the  vector  is 
measured  from  the  1   axi^to  the  vector. 

4.  The  number  of  degrees  in  the  angle  is  measured 

_   from  the  »X  axis. 

(tnbckwis^couriu*rc  lockwise) 


5.    A  veptor  having  a  direction. of  220°  is  in  the 
 *  guadrant. 


6.  A  vector  having  a  direction  of  120°  is  in  the 
 quadrant. 

7. *    Label  the  4  quadrants  formed  by  the  following 

coordinate  lines: 
+  Y 


—  Y 


Continue  on  page  11, 
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II 
III 


I 

rv 


magnitude 
direction 


resultant 


»-8 


8.    Vectors  are  straight  lines  that  indicate  both 
and  of  a  quantity*. 


ff.   Two  or  more  vectors  can  be  added  together  and  become  a 
single  vector,  called  the  RESULTANT  vector.   If  vectors, 
are  inirallel  to  each  other,  they  can  be  addtfd  algebraically. 
For  example,  if  you  have  two  vectors,  a  ^3  and  a  i4,  both 
on  the  X  axis,  their  sum  ^7  is  called  the 
vector. 


10.    Ail  vectors  start  from  the  point  of  origin.  When  they  are  on 
the  same  axis,  or  are  parallel  to  each  other,  the  resultant 
vector  equals  the  ALGEBRAIC  sum  of  the  vectors.  Graphi- 
cally, the  vectors  look  like  this:  Two  vectors  on  the  same 


axis:  Their  resultant  vector: 


+  x' 


—  Y 


The  value  of  the  resultant  vector  is 


on  the  X  axis. 


11.    The  values  of  vectors  pointing  in  the  SAME  direction  are 
ADDED  together  to  give  the  magnitude  of  the  resultant 
vector.  The  values  of  vectors  pointing  in  tfife  OPPOSITE 

i 

direction  are  subtracted  from  each  other  to  give  the  magni- 
tude of  the  resultant  vector.  When  subtracting,  the  resultant 
vector  has  the  sign  of  the  larger  vector. 


Continue  on  page  12. 
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No  answer 
required 


12.  .  Two  Vectors  on  the  same  axis:    The  resultant  veetor 


-X — 


-  3 


+  Y 


+  5     ^  +  X 


-X 


+  Y 


^  X 


-Y 

The  magnitude  of  the  resultant  vector  is 
the  X  axis. 


-Y 


oti 


Two  vectors  on  the  same  axis:    The  resultant  vector: 


+  Y 


-  X 


-+  2 

+3 

— Y 

+  x 


-x 


+  x 


_Y 


The  magnitude  of  the  resultant  vector  is 
the  axis.  *  . 


oti 


14. 


In  electronic  problems,  you  will  of  ten  solve  for  the 
resultant  of  three  vectors.  Two  of  the  vectors  will  be  on 
the  Y  axis;  the  third  vector  on  the  X  axis.   For  example, 
to  combine  the  3  vectors  below,  we  first  solve  for  the 
resultant  of  the  two  vectors  on  the  Y  axis. 


+  6 


-X 


r4 


+  Y 


+  5 


±  X 


-  Y 


The  resultant  vector  on  the  Y  axis  is 


Continue  on  page  13. 
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 :  ^  ^ 

Next,  we  solve  for  the  resultant  of  the  x  and  y  vectors.  When 
two  vectors  are  at  right  angles  (along  the  X  and  Y  axes),  we 

!  cannot  simply  add  the  two  vectors  algebraically;  we  must  add  theni  vectorially.  Tg 

i  * 

i  add  them,  the  vectors  are  drawn  and  solved  as  sides  of  an  equivalent  right  triangle, 

i 

!  Before,  we  do  some  actual  vectorial  addition,  let's  review  a  few  facts  about  the  right 

1  triangle.   Fi^re  13 A  shows  a  vector  diagram  and  its  equivalent  right  triangle. 

1      ^  '  . 


vertical 
side 


Vector  Diagram 


Figure  13A. 


horizontal  side 
Right  Triangle 


A  triangle  has  three  sides.  The  horizontal  side  of  the  right  triangle  is  equivalent 
to. the  x  vector  (the  vector  drawn  on  the  X  l^xis).*  Make  a  small  x  by  the  correct  vector 
in  the  vector  diagram  above.  The  vertical  side  of  the  right  triangle  is  equivalent 
to  the  y  vector  {the  vector  drawn  on  the  Y  axis).   Make  a  small  y  by  the  correct 
vector  in  the  vector  diagram=above.   The  third  side  of  the  right  "triangle  is  the 
longest  side;  it  is  opposite  the  90O  angle.  This  side  is  called  the  HYPOTENUSE 
(pronounced  hi  pot'n  60s).  In  a  vector  diagram,  the  r  vector  (the  resultant  vector) 
is  equivalent  to  the  hypotenuse  of  the  right  triangle.  Write  the  word,  HYPOTENUSE, 
by  the  correct  side  of  the  right  triangle  above;  then,  make  a  small  r  by  the^ correct  «, 
vector  in  the  vector  diagram. 


Turn  to  page  14  and  continue. 
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.  Rage  14 


8 


Did  you  label  the  right  triangle  and  vector  diagram  like  the  ones  below? 


Y 

r  +X 

X 

* 

Vector  Diagram 

vertical 
side 


horizontal  side 
Right  Triangle 


(Cover  the  answer?)^  & 

1.      The  vertical  side  of  the  right  triangle  is  equivalent  to 
the   "  vector. 


hypotenuse 


r  (resultant) 


90O 


2.      The  horizontal  side  of  th^  right  triangle  is  equivalent 
to  the  vector. 


3.      The  side  of  the  right  triangle  opposite  the  90°  angle  is  f 


called^the 


4.    f  The  hypotenuse  is  equivalent  to  the 


vector. 


In  addition  to  having  three  sides,  all  triangles  have  three 

i 

angles.  The  sum  of  these  three  angles  is  always  180°.  In 
a  right  triangle,  since  one  angle  is  90°,  the  sum  of  the  , 
other  two  angles  must  equal  


6.      If  one  of  these  two  angles  (other  than  the  90<^angle) 
equals  3Q°,  the  third  angle  equals  • 


Continue  on  page  15. 
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60° 


An  easy  way  to  solve  for  both  the  Sides  and  angles  of  a  right  triangle 
is  uTuSe  trigonometry.  To  the  extent  we  use  it,  "trig",  as  it  is  sometimes  called, 
is  not  complicated.  •  *  * 

*  Either  of  the  two  uHknown  angles  in  a  right  triangle  can  be  found  by  (1)  dividing 
one  known  §ide  by  the  other  known  side;  then  (2)  looking  up  their  quotient  (answer) 
in  a  Table  of  Natural  Functions.   In  this  Table,  angles  (in  degrees)  are  lasted 
opposite  the  Function  values. 

NOTE:    For  your  convenience  involving  trig  problems,  the  last  page  Qf 
thi$  program, has  a  Table  of  Natural  Functions.   Take  a  quick 
glance  at  it  noW;  then  continue  on  this  page. 

The  angle  that  we  use  in  solving  trigonometry  problems  is  the  angle  formed 

by  the  hypotenuse  and  the  horizontal  side  (see  Figure  15A).  This'angle  is  Theta 

(pronounced  tha'  ta).   Its  symbol  is  8.  The  symbol  £0      means  "angle  theta. " 


\        horizontal  side 

Figure  15  A. 

We  will  use  three  trigonometric  functions  in  this  program:  the  sine,  the  cosine, 
and  the  tangent.  These  functions  are  abbreviated  sin,  cos,  and  tan  respectively. 


Continue  on  page  16. 
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As  we  said,  one  of  the  trig  functions  we  use  is  the  SINE 
function.  The  sine  function  is  the  ratio  of  the  opposite 
sipe  to  the  hypotenuse:  This  means  that  the  sine  9 
equals  the  opposite  side  divided  by  the  hypotenuse. 


side 
opposite 


IS 


Complete  the  following  formula;  sin  9  = 


The  sine  function  is  the  ratio  of  the  opposite  side  to  the 
hypotenuse.  This  ratio  remains  the  same  as  long  as 
the  angle  does  not  change.  Solve  for  the  sin  .  9  in 

s 

each  of  the  two  triangles  below. 


■a 

IS 


t 


sin  8j  = 


sin  92  = 


Continue  on  page  17„ 
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Both 

sin  9  =  .  500 
Solution: 


.sin 

0 

a  opp 
Ryp 

sin 

•l 

=  20 
40 

sin 

=  *15 

sin 

«1 

=  .'51 

sin 

02 

=  .5 

-    ;  ■   Page  17 

3.      To  find  the  number  of  degrees  in  the  ^0  ,  you  must  turn 

/  i 

to  trig  tables  (Table  of  Natural  Functions)  on  the  last 

'     '    /      -  ! 

•    page  of  the  jjrogramy  It  shows  that  the  sin  8  =  .  5000 

/      !  •  ■ .  ■ 

NOTE:  The  sine  function  is  never  greater  than  one. 
Now,  go  down  the  first  SIN  cojlumn  to  .  5000  at  the 
bottom  of  the/page.'  The  sizejof  the  angle  is  found., 
opposite  the  .  5000  in  the  DEG  column. 


/DEC 
23.0 
29.5 
30.0* 


SIN. 

I 

.4848 
.4924 
^5000 


When  sin  9  =  .5000,  j 


4.  '.  Another  trig  function  we  use  is  the  COSINE  function. 
The  cosine  function  is  the  ratio  of  the  adjacent  side  to 
the  hypotenuse.  Stated  another  way,  the  cosine  0 
equals  the  adjacent  aide  divided  by  the  hypotenuse. 


side  adjacent  to  /Q 
Complete  the  following  formula:  Cos  8  = 


Continue  on  page  18. 
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i  ~      ^  i  1  "   

cos  9  5.      The  cosine  function  is  the  ratio  of  the  adjacent  side  of 

the  hypotenuse.  This  ratio  remains  the  same  as  long  as 
the  angle  does  not  change.  Solve  for  the  cos  8  in  the 
^  following  triangle: 


50  25 


cos  8j  =   cos  02  = 


cos  9j  =  .  590  6.  To  find  the  number  of  degrees  in  lQ+  again  use  the" 
cos  92  =  .  500  trig  tables  on  the  last  page.  We  find  that  cos  9  =  .  5 

(the  cosine  function  is  never  greater  than  one).  This 
time  go  down  the  column  marked  COS  until  the  cosine 
value  is  found.  Opposite  thts^yalue,  in  the  column  marked 
MDEG, M  you  will  find  the  number  of  degrees  in 

When  cos  9  =  .  5000,     [9  =  . 


Continue  on  page  19. 
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/  p 

OU 

DEG 

SIN 

COS 

59.0 

.8572 

.5150 

59.5 

.8616 

.5075 

60.0 

.  8660 

.5000 

tan  9  opp 
adj 


7. 


 '    Page  19  v 

The  third  trig  function  we  use  is  the  TANGENT 
function.  The  tangent  function  is  the  ratio  of  the 
opposite  side  to  the  adjacent  side.  Stated 
another  way,  the  tangent  9  equals  the  opposite 
side  divided  by  the  adjacent  side. 


8. 


side 

opposite 


side  adjacent  to 
Complete  the  following  formula:  tan  ^9  »  . 


The  tangent  function  is  the  ratfewof  the  opposite 

i 

side  to  the  adjacent  side.  This  ratio  also  does 
not  change  as  long  as  the  angle  does  not  change. 
Solve  for  the  tan  9  in  the  following  triangle: 


tan  0j 


tan  O2  * 


Continue  on  page  20. 
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tan  6j  =  1.000 
tan  82  =  1.000 


45° 

Solution: 
DEG  SIN 


44.0 
44.  5 
45.0 


6947 
7009 
7071 


COS 

.7193 
.7133 
.7133 


TAN 

.9657 
.9827 
1.000 


9.      To  find  the  number  of  detrees  in  /0. 
turn  again  to  the  trig  tables.  Tan  9 
is  1.000.  (NOTE:  An  angle  less  than 
45°  always  has  a  tangent  function  less 
than  1;  an  angle  greater  than  45°  always 
has  a  tangent  function  greater  than  1. ) 
This  time  go  down  the  column  marked  TAN 
until  the  tangent  value  is  found.  Opposite 
this  value,  in  the  column  marked  "DEG,  " 
you  will  find  the  number  of  degrees  in  [&. 
When  tan  /§.  =  1. 000,    £9  =   . 


10. 


Trying  to  memorize  formulas  such  as  the 
trig  functions  can  be  difficult.  However, 
you  are  required  to  know  them.  As  a 
memory  "crutch, "  here  is  a  little  saying 
that  you  may  use  to  help  you  remember 
them: 

"Oscar  Had  A  Heap  Of  Apples" 


Take  the  under- 

(Opposite)    0  = 

9 

lined  capital  let- 

(Hypotenuse) ft 

(Adjacent)  A  

0 

ters,  and  group 

(Hypotenuse)  H 

(Opposite)  0j=  

e 

them  vertically  as 

(Adjacent)     A  ° 

in  Fig.  20A.  Each 

Figure  20A 

ratio  is  equal  to  a  trig  function.  The  functions  are  listed  in  the  order 
in  which  you  learned  them.  Complete  Fig  20A  by  writing  the  correct 
function  in  each  blank. 


Continue  on  page  21. 
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Figure  20A 

0  sin_  0 
H 

A  cos  6 
H 


0 
A 


=  tan  6* 


11.  Remember: 

"Oscar  Had  A  Heap  Of  Apples" 
,  Complete  these  formulas: 
Sin  0  = 
Cos  9  = 
Tan  9  = 


sin  6  = 

t 

cos  9  = 

tan  9  = 


0 
H 

A_ 
H 

0 
A 


12.  As  we  previously  mentioned,  we  substitute  vectors 
for  the  sides  in  a  right  triangle.  For  example: 

VERTICAL 
SIDE 

( SIDE  OP* 

6  * 

wrizontal  side 
(side  adj.  /8  ) 

Right  Triangle  Vector  Diagram 

The  angle  8  in  a  right  triangle  is  formed  by  the 
horizontal  side  and  the  hypotenuse.  When  vectors 
are  used  as  sides,  the  angle  8  is  formed  by  the 
vector  and  the  vector. 


+  Y 

V 

V. 

+x 

X 

X 

r 


13.  The  side  opposite  /8_in  a  triangle  is  represented  by 
the  vector. 


14.  The  adjacent  side  of  /8  in  the  triangle  is  represented 
by  the  vector. 


15.  In  a  right  triangle  having  vectors  for  the  sides,  the 
hypotenuse  represents  the  vector. 


Continue  on  page  22. 
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0.  H,  A,  H. 
0.  A. 

sin,  cos,  tan 


16.    Each  tin\e  you  work  a  trig  problem,  remember 
the  saying: 

'■     sear     ad  eap  i 


Complete  these  formulas: 
A 


pples" 


8  =  0 
H 

8   -  A_ 
H 

8  =  0 
A 


 "  —  7*- 

17.     When  working  trig  problems  in  this  program,  we 
want  you  to  round  off  all  numbers  to  3  figures,  and 
find  angles  to  the  nearest  1/2°. 
On  the  vector  diagram  below,  we  are  given  the 
values  for  the  y  vector  and  the  r  vector.  How  many, 
degrees  are  in  /§?  (Insert  answer  in  blank  below. ) 
Hint:  When  the  opposite  side  and  the  hypotenuse  are 
given,  we  use  the  sine  function. 


Use  function  formula: 
Substitute  in  values: 
Solve  problem: 


sin  9  0    or  y 
H  r 
sin  0  = 


Use  trig  tables: 


sin  8  = 


Continue  on  page  23. 
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sin  9  =  J5 
50 

sjin  8  =  .5 


IT 


cos    9  =  94 
100" 

cos  9  -  .94 
/&  =  20° 


Page  23 


16.    This  time,  .we  are  given  values  for  the  x  vector 
and  the  r  vector,  and  are  asked  to  solve  for 
When  the  adjacent  side  and  the  hypotenuse  are  given, 
we  use  the  COSINE  function. 

Solve  for  /B:  (Remember,  find  angles  to  tfie  nearest 
1/2°.) 


*  Y 


Use  function  formula:  cos  0  = 

^    Substitute  in  values:  cos  0  = 

Solve  problem:  cos  0  = 

Use  trig  tables:  /9  = 


x  or  A 
7  H 


19/   Write  the  three  commonly  used  trig  functions  and 
the  formula  for  each: 

 9  =  

 9  =   

9  = 


Continue  on  page  24. 
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sin  9  =  opp 
hyp 

cos  9  =  adj[ 
hyp 

tail   8  a  opp 
aaj 


53.7 


tan  9  =  53.7 
"SO 

tan  9  =  .637 
/9  =  32.5° 


20.    On  the  vector  diagram  below,  we  are  given  values 
for  the  y  vector  and  the  x  vector  and  asked  to  solve 
for  £8.  When  the  opposite  side  and  the  adjacent  sidfe 
are  given,  we  use  the  TANGENT  function. 
NOTE:       These  vectors  are  in  the  IV  quadrant  and 
are  treated  in  the  same  manner  as  vectors 
in  the  first  quadrant.  In  both  quadrants, 
the  angle  8  is  the  angle  between  the  x 
vector  and  the  r  vector,  and  the  y  vector 
is  the  opposite  side. 


Solve  for  /§. 


Use  function  formula:    tan  8  =  £ 

x 

Substitute  in  values:      tan  8  = 


Solve  problem:  tan   8  = 

*  a 

Use  trig  tables:  /8  = 


r 


21.    Solve  for  /fi.  Which  function  formula  do  we  use? 


27.3 


+Y 


6 


+  x 


Ze  - 


Continue  on  page  25. 
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sin  9*:=  y 
r 

&   =  65.5° 


No  response 
required 
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22.  So  far,  we  have  solved  for  the  angle  9  by  knowing  2 
sides  and  using  the  3  trig  functions.  As  you  will  find, 
it  is  just  as  easy  to  solve  for  the  unknown  sides  of  a 
right  triangle  when  the  angle  6  and  one  side  are  known, 
Here  is  the  procedure  to  follow: 

1.  Look  the  problem  over  to  see  what  is  given  and 
,t  you  are  asked  to  find. 

2.  Choose  the  function  formula  (sin,  cos,  or  tan 
formula)  that  uses  both  the  given  values  and  the 
unknown  value  you  are  asked  to  find. 

3.  Transpose  the  formula  so  the  unknown  value  can 
be  found.  ^ 

4.  Using  the  trig  tables,  solve  for  the  unknown  value. 


23. 


♦Y 

Y 

r  / 

tx 

X 

To  solve  for  r,  when  the  /6  and  y  vector  are  given, 

we  would  use  the  function  formula: 

sin  6  =  j£ 
v 

Transpose  for  r:  r  -   


Continue  on  page  26, 
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sin  9 


r  80 


cos  -  0  =  _x 
r 

/e.  =  60° 


r  =  x 


cos  9 


24.     What  is  the  value  of  r? 


+  Y 

40 

r 

a* 

Use  formula:  sin  8  ^ 

r 

c 

Transposed  formula:  r  =  y 

sin  8 

Substitute  in  values:  r  =  4,0 


sin  30° 


Use  trig  tables:  Q  =  40 


25*    Solve  for  /8.    Which  function  formula  do  we  use? 
+  Y 


26.     To  solve  for  r  when  the  (0  and  the  x  vector  are  given, 


use  the  function  formula:  cos  8    =  jc 

r 


Transpose  formula:  r  = 


27.     Solve  for  the  r  vector. 


Use  formula:  cos  9  -x 

r 

Transposed  formula:  r  -     x  r 

cos  6 

Substitute  in  values:  r  = 


Use  trig  tables: 
Solve  for  r: 

r  =  200   —  Turn  to  page  28. 

r  =  7.43  Turn  to  page  29u 
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This  is  the  way  the  completed  sine  wave  should  look. 


/ 

/ 

Cl 

I 

/ 

/ 

0 

30 

60 

90 
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ISO 

18(1 

210 

240 

270 

300 

330 

gN27A; 


Figure  27A, 

We  have  not  assigned  a  magnitude  to  the  y  vector  plotted  on  the  graph  in 


Fig,N27A;  however,  if  the  "Y"  axis  were  marked  off  ^n  i\nits,  such  as  in  volts, 
a  magnitude  (value^  of  the  My"  vector  could  be  found/ at  aiijy  point  along  the  sine 
wave  in  Fig  27A. 


figure  27B. 


Figure  27C. 


Compare  positions   0    ,    (2)    ,     and®  of  the  rotating  vector  in  Fig. 
27B  with  points   (l)    ,  (2)    »    a?*   CD  on  toe  corresponding  sine  wave  in  Fig.27C 

Notice  that  the  angle  used  foK.tr jg  solutions  is  always  less  than  90°,  and  that 
this  angle  is  formed  by  the  X  axis  (x  Vector)  and  the  rotating  vector. 

Point  No.  1  at  450  measures  approximately  =  71  volts.  ^ 

Point  No,  2  a^l50O  (sin  30<>)  measures  -  50  volts. 

Point  No.  3  at  285°  (sin  75°)  measures  approximately  -  97  volts.  You 
would  get  these  same  values  by  solving  for  Myfl  using  trigonometry. 

You  have  completed  the  program  on  "Generation  of  a  Sine  Wave".   Look  at  . 
the  objectives  on  the  front  page  again,  to  ensure  that  you  understand  them. 


Then  check  with  your  instructor. 
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.  *"  Page  28 

I 

-J 

.  YOUR  ANSWER:    r  = 
(from  P-26  and  P-29) 

200 

t  . 

Right  you  are.  Continue  with  frame  28. 

28. 

Solve  for  [o^  Which  function  formula  do  we  use? 

to 

+x 

I 

/  » 

t 

40.1 

K 

—  Y 

IB  - 

tan  9  =  y 

X 

/9_  =•  76.  0° 

29. 

rTo  solve  for  x  when  the  /6  pad  the  r  vector  are  given, 
use  the  function  formula:  cos  9  =  x  ' 

The  transposed  formula  is:  x  = 

x  =  cos  B  •  r 

30. 

Solve  for  the  x  vector. 

•   /  ■ 

The  function  formula  to  use  is: 

♦ 

cos  9   -  x 

.  r 

Transposed  formula:  x  -  cos  8  •  r 

/  \                 ,  +X  ' 

X 

X  = 

4 

Turn  to  page  30  and  continue.  / 
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YOUB  ANSWER:  r  =  7.43 
(From  P-26)  ' 

Don't  turn  back  for  the  other  answer  t  You  are  wrong.  Let's  see  why. 
Here's  the  problem  again.  Solve  for  the  r  vector. 


Use  function  formula:  cos  8  =  x 

r 

Transposed  formula:        r  -  x 


cos  AT 

Substitute  in  values:    r  -  182 

cos  24.5° 


Now,  the  cos  24 h°  IS  NOT  the  same  as  the  /24. 5°.  The  cos  24. 5<>  is  a 
decimal  value  foun^in  the  trig  tables.  f 

For  each  angle  of  8,  there  are  3  function  values:  sin,  cos,  and  tan.  The 
value  you  use  depends  on  the  function  formula  you  are\solving. 

Let's  try  three  quick  problems.  (Cover  the  answers  in  the  margin. ) 
1.      sin  24.59  = 


,4147  or  .415 


tan  24. 5°  = 


4557  or  .  456 


3.      cos  24.5°  = 


.9100  or  .910 


4.      Complete  the  originaLproblem. 


r  = 


r  = 


182 
cos  24.  b 


Turn  to  page  28  for  your  answer  and  continue. 
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x  =  76.6 


if 


J 


At  this  point  in  the  program,  you  may  have  become  confused 
by  all  the  formulas.  There  are  actually  only  3  function  formulas 


to  use.  These  you  must  know: 

sin .  8  =  opp 
Hyp 

cos  9  «  adj^ 
hyp 


tan  9 


ad] 


or  0_ 
H 

or  A_ 
H 

or  0 
A 


or 


or 


or 


y 

r 

x 
r 

1 
x 


Don't  try  to  memorize  all  the  variations  of  the  formulas.  As  can  be  seen,  there 
are  only  4  values  used  in  the  formulas:  j 
[6;      opposite  side,  adjacent  side,  and  hypotenuse. 


opposite 
side 


adjacent  side 

Every  function  formula  involves  the  l&  ^nd  2  of  the  3  sides^/  Now,  which  is 
the  correct  formula  to  use  in  solving  a  given  problem?  ' 

We  choose  the  function  formula  that  us,4s  the  given  values  and  the  unknown 
value  that  we  want  to  find.  / 

We  transpose  f  his  for  inula  so  the  uunjknbwn  value  is  by  itself  on  one  side  of  the 

*  /  *  ^? — 

equation.  Then  we  are  ready  to  solve  iojc  the  unknown  value. 

If  you  aren't  sure  how  to  choose  ^he  correct  function  formula,  consider  this> . 

First,  determine  which  side  yoi/are  NOT  interested  in;  namely,  the  side 

/  7 

which  is  not  given  and  which  you  are  not  asked  to  find. 

Now,  ignore  the  two  formulas  that  contain  this  side.  The  remaining  formula 
is  the  one  to  use.  Transpose  this  formula  and  solve  as  before. 


Continue  on  page  31,  frame  31. 


ERJC- 


sin  0  -  y_ 
r 

r  30.0 


Page-31 


31.  Solve  for  -V  (roundl  oij  to  3  figures). 

Which  function  formula  do  we  use? 


32.  To  solve  for  x  wjtoi    ^9  and  the  y  vector  given,  function 

/  1 


formula  is: 


tan  9  ^  y 
x 


The  transposed  formula:  x 


tan  9 


33.  Solve  for  the'x  vector. 


Use  the  function  formula:  tan  9  -  y 
Transposed  formula:  x  =  y 


tan  9 


x  = 


x  200 


34.  Solye  for  Mr.M 


Function  formula: 


Continue  oh  page  32. 
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Pa£C  32  

cos  0  x 
r 

r  200 


sin  9  •  r 


y  -  25.8 


cos  9  x<? 

r 

x  28.2 


35.     TO  solve  for  y  when  thfc       and  I  he  r  vector  ^re  given. 


use  the  function  formula:  sin  B  y 

r 

The  transposed  formula  is:  y 


36.     Solve  for  ihe  ,fy"  vector. 


Use  the  function  formula:  sin  9 

r 

Transposed  formula:  y    sin  9  .  r 


37.     Solve  for  "x. 


Function  formula: 


38.     To  solve  for  the  "y"  vector  when  /9  and  the  x  vector 
are  given,  use  the  function  formula: 


tan  8  y 

x 


The  transposed  formula  is: 


L  L 

Continue  on  page  33; 
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y      tan  9  #  x 


y  111 


39.     Solve  for  Ihe  My"  vector.  . 

Function  formula:  tan  8 


♦  Y 

Transposed  formula:  y 

Y 

150 

40.     Solve  for  the  x  vector. 

function  formula: 


66.6 

— Y 

41.     Solve  for  the  y  vector. 


Function  formula: 


y  ■ 


Continue  on  page  34. 
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1 

sin  8  y 

42.     Solve  for  the  y  vector. 

t  r 

Function  formula: 

80          +  x 

\735P 

Y 

o 

—  Y 

y  = 

tan    9  =  y 

The  trig  functions  are  used  to  solve  for  unknown  values 

y  .=  14.0 
1  

in  right  triangles.   Given  any  two  sides,  [0_  can  be 
found.   Given  [Q  and  any  one  side,  the  other  two  sides 

t 


can  be  found. 

We  will  now  show  you  how  to  draw  the  graph  of  a  sine  function,  commonly 
called  a  sine  curve,  or  a  sine  wave.  When  a  resultant  vector  is  rotated  COUNTER- 
CLOCKWISE from  0°  through  360o  (4  quadraiits),  the  opposite  side  (y  vector) 
increases  from  zero  to  maximum  positive  magnitude  in  the  first  quadrant; 
decreases  from  maximum  positive  magnitude  to  zero  in  the  second  quadrant; 
increases  to  maximum  negative  magnitude  in  the  third  quadrant;  and,  finally, 
decreases  back  to  0  magnitude  in  the  fourth  quadrant.  This  variation  in  the  y 
vector  can  easily  be  seen  by  plotting  the  magnitudes  of  the  y  vector  above  or 
below  the  X  axis  for  each  degree  of  rotation  of  the  resultant  vector. 


Continue  on  page  35. 
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Figures  35A  and  35B  are  sets  of  coordinate  lines.  Figure  35A  shows  the 
four  quadrants  and  a  rotating  vector,  and  Figure  35B  shows  an  X  axis  marked  off 
in  degrees.  Now/ on  Figure  35A,  notice  the  varying  magnitude  (height)  of  the 
arrowhead  above  the  X  axis.  This  height  represents  the  magnitude  of  the  y  vector. 
For  each  15°  rotation  of  the  resultant  vector  in  a  counterclockwise  direction,  plot 
a  point  above  or  below  the  corresponding  degrees  on  the  X  axis  of  Figure  35B.  We  j 


have  already  plotted  the  first  4  points.  You  are  to  plot  the  other  points  through  one  j 
complete  cycle  f0°  thromrh  360°);  then  connect  them  together  to  form  a  curve.  | 


rigure  35A.  Figure  35B. 

This  curve  is  a  sine  wave;  it  represents  the  change  in  magnitude  of  the 


sine  function  during  one  complete  cycle. 

Turn  back  to  page  27  and  compare  your  sine  wave  against  the  sine  wave  on 
that  page. 

i 
l 
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TABLE  OF  NATURAL  FUNCTIONS 


DEC 

SIN. 

-«  '  

COS.  " 


TAN. 

DEG. 

SIN. 

COS. 

TAN. 

.  5 

.0087 

1.0000 

.0087 

23.0 

.3907 

.9205 

4245 

1.0 

.0175 

.9998 

.0175 

23.5 

.3987 

.9171 

4348 

1.5 

.0262 

.9997 

.0262 

24.0 

.4067 

.  9135 

4452 

2.0 

.  0349 

.9994 

.0349 

24.5 

.4147 

.9100 

4557 

2.5 

.0436 

.  9990 

.0437 

25.0 

.4226 

!9063 

.4663 

3.0 

.0523 

.9986 

.0524 

25.5 

.4305 

.9026 

4770 

3.5 

.0610 

.9981 

.0612 

26.0 

.4384 

.8988 

•  4877 

4.0 

.0698 

.9976 

.0699 

26.5 

.4462 

.8949 

..4986 

4.5 

.0785 

.9969 

.0787 

27.0 

.4540 

.8910 

rJ\  5095 

5.0 

.0872 

.9962 

.0875 

27.5 

.4617 

.8870 

/  • 5206 

5.5 

.0958 

.9954 

.0963 

28.0 

.4695 

.8829 

\  .5317 

6.0 

. 1045  > 

.9945 

.1051 

28.5 

.4772 

.8788 

V  .5430 

6.5 

.1132 

.9936 

.1139 

29.0 

.4848 

.8746 

.5543 

7.0 

.1219 

.9925 

.1228 

29.5 

.4924 

.8704 

.5658 

7.5 

.1305 

.9914 

.  1317 

30.0 

.5000 

.8660 

.5774 

8.0 

.  1392 

.9903 

.1405 

30.5 

.5075 

.8616 

.5890 

8.5 

.1478 

.9890 

.1495 

31.0 

.5150 

.8572 

.  6009 

9.0 

.  . 1564 

.9877 

.1584 

31.5 

.5225 

.8526 

.6128 

9.5 

.  1650 

.9863 

.1673 

32.0 

.5299 

.8480 

.6249 

10.0 

.  1736 

.9848 

.1763 

32.5 

.5373 

.8434 

.6371 

10.5 

.1822 

.9833 

.  1853 

33.0 

.5446 

.  8387 

..6494 

11.0 

.1908 

.9816 

.1944 

33.5 

.5519 

.  8339 

.  6619 

11.5 

.1994 

.9799 

.2035 

34.0 

.5592 

.  8290 

.6745 

12.0 

.2079 

.9781 

.  2126 

34.  5 

.  5664 

.8241 

6873 

12.5 

.2164 

.9763 

.2217 

35.0 

.  5736' 

.8192 

.7002 

13.0 

.2250 

.9744 

.2309 

35. 5 

.  5807 

8141 

13.5 

.2334 

.9724 

.2401 

36.0 

.  5878 

8090 

7265 

14.0 

.2419 

.9703 

.2493 

36.  5 

.  5948 

8039 

7400 

14.5 

.2504 

.9681 

.2586 

37.0 

.6018 

.7986 

.7536 

15.0 

.2588 

.9659 

.2679 

37.5 

.6088 

.7934 

.7673 

15.5 

.2672 

.9636 

.  zm 

38.0 

.  6157 

.  7880 

7813 

16.0 

.2756 

.9613 

.2867 

38.5 

.6225 

.7826 

.7954 

16.5 

.2840 

.9588 

.2962 

39.0 

.6293 

.7771 

.  8098 

17.0 

.2924 

.9563 

. 3057  ' 

39.5 

.6361 

.7716 

.8243 

17.5 

.3007 

.9537 

.3153 

40.0 

. . 6428 

.  7660 

.8391 

18.0 

.3090 

.9511 

.3249 

40.5 

.6494 

.7604 

.8541 

18.5 

.3173 

.9483 

.3346 

41.0 

.6561 

.7547 

.8693 

19.0 

.3256 

.9455 

.3443 

41.5 

.6626 

.7490 

.8847 

19.5 

.  333ft, 

.9426 

.3541 

42.0 

.6691 

.7431 

.9004 

20.0 

.3420  , 

.9397 

.3640 

42.5 

.6756 

.7373 

.9163 

20.5 

.3502 

.9367 

.3739 

43.0 

.6820 

.7314 

.9325 

21.0 

.3584 

.9336 

.3839 

43.5 

.6884 

.7254 

.9490 

21.5 

.3665 

.9304 

.  3939 

44.0 

.6947 

.7193 

.  9657 

22.0 

.3746 

.  9272 

.4040 

44.5 

.7009 

.7133 

.  9827 

22.5 

.3827 

.9239 

.4142 

45.0 

.7071 

.7071 

1. 0000 
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DEC  SIN. 


COS. 


TAN. 


DEC  SIN. 


COS. 


TAN. 


45.5 

.7133 

.7009 

1. 0176 

46.0 

.7193 

.6947 

4    no  e  e 

1.0355 

46.5 

.7254 

.  6884 

4     AC4  0 

1. 0538 

47.0 
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.6820 

4     AnO  A 

1.0724 

47.5 
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48.0 

.7431 

.  6691 
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4      4  QAQ 
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49.0 
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1. 1504 
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50.0 
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58.0 
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59.0 
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61.5 
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62.5 
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2.0503 
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68.0 

.9272 
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q  a  rre  i 
42.4751 
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aq  firr 

9  R74fi 

mm  f\  f\ 

70.0 

f\  OA  rr 

.9397 
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REVIEW  TEST 


1.      State,  in  writing,  the  difference  between  the  graph  of  a  linear  function  and  the 
graph  of  nox\linear  function* 


2.      On  the  following  line  graph,  plot  the  values  of  current  and  power  given  in  the 
chart;  then,  connect  the  points  to  show  the^ppropriate  graph. 


_4_ 

P  , 

omav 

0  W 

1  MA  ] 

10  w 

22.5  W 

2MA  ' 

,40  W 

2.SMA 

12  5  W 

3  MA 

90  W 

I00W 


sow 


eow 


40W 


20W 


7 


Qm  03       IMA    1.9      2MA     2.9  3MA 


3.      Write  the  definition  of  a  vector: 


4.      Label  the  "X"  and  "Y"  axes  and  the  polarity  of  each  axis  on  the  following 
coordinate  lines: 


5.  On  the  preceding  coordinate  lines,  label  the  4  quadrants  formed  by  the 
9      axes.  ^ 


A 
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List  the  3  most  commonly  used  trigonometric  functions  and  the  formula  to 
solve  for  each  function.  $ 


a. 


b. 


0  = 
0  = 


adjacent 


Using  trigonometry,  solve  the  following  problems  for/the  unknown  vectors 
and  angles  as  required.  (Keep  the  numbers  rounded/off  to  3  figures;  solve 
angles  to  nearest  1/2°. )  (Show  your  work  on  this^paper. ) 

tY  .  « 


20 


+  X 


IB. 


-+X 


V 


100 


150 


e 


IS.: 


9 
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15. 


10 


-+  X 
Y». 


-  Y 


16. 


At  each  15°  of  rotation,  take  the  amplitude  of  the  sine  function  from  the 
rotating  vector  graph  and  plot  it  on  the  graph  with  the  "X"  axis  marked  off 

in  degrees;  then,  draw  a  sine  wave  by  connecting  the  plotted  points. 
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ANSWERS  TO  REVIEW  TEST 


1.  A  graph  is  a  pictorial  representation  of  related  numerical  facts, 

2,  1 5    New  Ha  If -ton 

trucks 

10  Station 
wagons 


15  -1965  Half- 
ton  Trucks 


20  Four -door 
sedans 


3. 


100% 
90  - 
80  - 
70  - 
60 
50  - 
40  - 
30  - 
20  " 
10  - 
0 


i  .i  i — i  r 


± 
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b.  h»  A. 
d.  g.  B. 

C«  6«    C • 

a.  f.  D. 


75 
KNOTS 


7 
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ASSIGNMENT  SHEET 

This  assignment  sheet  shouM  be  used  when: 

#      You  are  to  complete  only  a  part  of  this  text. 

W      Your  assignment  within  this  text  is  divided  intt»  two  or  more 
reading  p&riods. 


.Your  instructor  will  make  assignments  by  identifying  specific  objectives, 
text  material,  and  review  questions* 


ASSIGNMENTS 


8 

OBJECTIVES  f 
(by  Na) 

TEXT  MATERIAL 
(by  page  and/or  frame) 

REVIEW  QUESTIONS 
:(by  Na) 

* 

< 

-> 

'  /  ' 

• 

- 

- 

• 

r 

» • 

ii 
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GRAPHS 


OBJECTIVES:  .  *  . 

W  rite  the  definition  of  a  graph. 

Construct  a  circle  graph  from  a  given  problem. 
(3  out  of  4  computations  must  be  correct.  ) 

Construct  a  bar  graph  from  a  given  problem. 
(4  parts  out  of  5  must  be  correct.  ) 

✓ 

Identify  from  a  given  list  the  definitions  of  horizontal  axis,  vertical  axis,  point' of 
origin,  and  resultant,  as  they  apply  to  line  graphs. 
(3  »out  of  4  must  be  correct* ) 

Construct  a  line  graph  from  a  given  problem.    (3  out  of  the  3  computations  must 
be  correct.    (The  related  coordinates  and  the  resultant  must  also  be  drawn.) 


Turn  to  page  1  and  commence  the  program. 


in 
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1.     The  definition  of  a  graph  is:  A  PICTORIAL  REPRESEN- 
TATION        OF  RELATED  NUMERICAL  FACTS. 
In  any  sentence  or  statement  referring  to  the  use  of 
graphs,  you  would  automatically  know  the  definition 
of  the  term  graphs  is:  _ 


A  pictorial  repre- 
sentation of  re- 
lated numerical 
facts. 


2.     In  simpler  terms,  &  graph  shows  us  a  picture  of  cer- 
tain RELATED  numerical  facts,   bar  qhaph 


Example:  RAINFALL  5- 

IT  «T 
INCHES  lZ 


0  JAN   FEB    MAR  AM 

The  above  shows  us  that  the  first  4  months  of  the  year 

had.  a  certain  amount  of  rainfall.    These  are  related 
facts  in  that  they  all  pertain  to  a  specific  year  and 
concern  rainfall. 

As  we  have  therefore  said:   A  graph  is  a  pictorial 
representation  of  numerical  facts. 


related 


3.     A  graph  always  gives  us  a  picture  of  related 

numerical, facts;  we  can  see  the  comparison  of  one 
numerical  fact  to  another. 


CIRCLE 
GRAPH 


Example: 

f  M 

2S  \ 

V  it 

25  J 

The  above  shows  us  that  a  group  of  100  people  were 

divided  into  four  equal  parts  of  25  persons  each. 

It  gives  us  a  picture  of  related  facts. 


Id  3 


numerical 


4.     A  graph  is  a  pictorial  representation  of  related 

numerical  facts.    Remember,  RELATED  numerical 
facts.    We  can't  show  a  relationship  between  the  ocean 
and  the  moon.    The  facts  must  be  related,  such  as  having 
a  total  of  100  people  divided  into  four  groups.    A  graph, 
therefore,  is  a  pictorial  representation  of 


related  numeri- 
cal facts. 


5.     In  your  own  words,  write  the  definition  of  a  graph. 


A  jfictorial  repre- 
sentation of  re- 
lated numerical 
facts. 


6.     A  circle  graph  is  used  when  we  wish  to  show  how 
certain  items  or  parts  are  related  to  a^WHOLE 
situation. 

Therefore,  in  almost  all  cases,  we  would  use  a^ircle 
graph  to  show  how  certain  items  or  parts  are  related 
to  a  situation- 


whole  * 


Example:  r 

There  are  24  mechanics  assigned  to  a  Squadron. 

in! 

Six  are  reading  TO's,  12  are  performing  inspections, 
four  are  assigned  to, a  special  job,  and  two  are  on  leave. 
In  the  above  example,  the  WHOLE  situation  or  total 
is  represented  by  the   .mechanics. 


24 


*4- 


The  6  men  reading  TOs,  the  12  performing  inspections, 
the  4  assigned  to  a  special  task,  and  thf  2  on'leave  are 


all  considered  as 


.of  the  whole  situation. 


24 

parts 


We've  determined  that  the  24  mechanics  are  the  whole 

situation,  and  the  6,  12,  4,  and  2  are  the  parts  of 

the  whole  situation.    We  can  now  represent  these 

parts  as  fractions,  which  would  be:  — —  -— » 

y  c    24  24  24  24 


24  24  24  24 


10.      To  determine  the  angles  to  be  used  in  constructing  a 

circle  graph,  we  multiply  each  of  these  fractions 

by  360°,  cancelling  where  applicable.    (360°  =  a 

whole  circle,  ) 

1  90 

t     360°     1     3g0°     1     90°     90°  ono 
Example:  -  x—    .  -  x—  =  J  xf  =  T    =  9° 

4  1 

What  are  the  angles  for  the  fractions  below?  (Use 

provided  scratch  paper  to  work  problems.  ) 

12     360°  »  

—  x   =   

24  1 


4  360 

—  x  

24  1 


2  360 


180' 

60° 

30° 


11.     All  4  angles;  therefore,  ane:   90°,  180°,  60°,  and  30°. 
We  can  now  draw  a  circle  graph,  using  the  above  angles 
to  show  the  parts  of  the  whole.    The  sjx  men  reading  TOs 
equal  90°;  the  twelve  men  performing  inspection  equal 
180°;  the  four  men  assigned  to  a.  special  job  equal  60  ; 
and  the  two  men  on  leave  equal  30°. 


Exa  mple : 


The  above  graph  would  be  labeled  with  the  appropriate 
number  of  MEN  and  their  JOBS.  '  Label  each  portion 
correctly.  & 


9 


3 


Hp  j 


ItlNMCCTINt  4 
\                SPECIAL  joa 

V™\(  90!)WAWI» 
V       \\  TITO'S 

LEAVE  ^ 

12,     Remember,  wi«  use,  a  circle  graph  when  we  want  to  show 
how  certain  items  or  parts  are  related  to  a  whole 
situation* 

9 

The  first  step  was  to  determine  the  whole  situation. 
T«  thia  r?i«AJ   tho  24  mechanics  were  the 

situation* 

whole 

13,     The  second  step  was  to  determine  the  parts  of  the  whole* 
In  this  case,  the  6,  12,  4,  and  2  men  were  considered 
as  the 

parts  of  the 
whole 

14.     The  third  step  was  to  write  these  parts  (6,  12,  4,  and  2 
men)  of  the  whole  and  tjie  whole  amount  (24  men)  each 
as  a  fraction* 

These  individual  fractions  were: 

6/24,  12/24 
4/24,  2/24 

IS*     The  fourth  step  was  to  multiply  each  of  these  fractions 
4by  360°.    This  was  to  determine  the  angles  to  Le  used 
in  constructing  the  circle  graph.  . 
Example:    6/24  x  360°/ 1 

The  other  three  fractions  set  up  for  multiplication 
were:  / 
J        x                     x      x 

4 
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12/24  x  3oO/l 
4/24  x  3oO/l 
i/24  x  y,o/i 

10.     After  multiplying  each  fraction  by  360°,  we  obtained  the 
answers  90°,  180°,  00°,  and  30°  respectively, 
After  all  the  computations  had  been  made  we  proceeded 
to  construct  a  circle  graph.    The  information  to  be  used 
was:    4  men  equaled  t>0°;  12  men  equaled  180°;  u  men 
equaled  90°;  and  the  2  men  on  leave  equaled  30°. 

f                       ^  4  special  jobs 

'(V 

% 

Complete  the  above  circle  graph,  draw  in  the 
segments  indicating  the  amount  of  degrees,  and  laLel 
each  segment  correctly,    (The  angles  do  not  have  to 
Ue  drawn  exactly;  the  number  of  degrees  written  in 
each  segment  must  be  correct, ) 

12                   4  on 
Specia 1 

Inspecting  job 

V  °  vJ 

2  on  Leave^  6 

Reading 
TOs 

17,     An  easy  way  to  prove  that  your  computations  are  correct 

is  add  all  the  sectors  together;  the  sum  should  equal  a 

full  circle  or  360°. 

Example:  180° 

60° 
90° 
+  30° 
360° 

Therefore,  as  an  added  measure  of  proof,  we  would  go 
ahead  and  add  all  the  sectors  together  and  the  sum  total 
should  equal 

< 

'  5 
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18.     Construct  a  circle  graph,  using  the  information  below. 
(The  angles  do  not  have  to  be  drawn  exactly;  the  number 
of  degrees  written  in  each  segment  must  be  correct.  ) 
Be  sure  to  label  each  portion  correctly  with  the  number 
of  hours  and  the  block,  etc. 

There  are  a  total  of  60  hours  in  a  certain  course.  25 
hours  are  spent  in  Block  I,  15  hours  in  Block  II,  12  hours 
in  Block  III,  and  8  hours  of  TESTING. 


BLOCK 
TESTING  III 
8  HOURS      12  HRS.> 


19.     We've  learned  thus  far  that  a  circle  graph  is  used  to 

show  how  certain  items  or  facts  are  related  to  a  whole 
situation.    A  bar  graph  differs  in  that  it  *s  used  to  show 
a  series  of  related  facts. 
Example: 


Therefore,0  whenever  you  see  a  bar  graph,  you  know 

that  it  is  showing  a  r-  of  related 

facts. 
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series 


20.     In  construction  of  a  bar  graph,  we  show  comparison 
by  tfce  DIFFERENT  LENGTHS  OF  THE  BARS. 
Example: 


AtC 


In  the  above  example,  we  know  that  A  is  greater 
than  B^and  C,  and  B  is  greater  than  C  by  the 
different  .  


lengths  of  the 
bars 


21,     In  constructing  a  bar  graph,  all  the  bars  should 
be  of  equal  widths* 
Example: 


Bars  A,  B,  C,  and  D  are  of  equal 


widths 


22,     The  following  data  can  be  represented  by  a  bar 
graph:    The  upper  air  lab  reports  the  maximum 
altitudes  obtained  during  the  first  four  months 
of  this  year  as  being  20,  23,  25,  and/28  kilometers 
respectively. 
Example: 

I  I  I  I  I 

J     f     m     A  \ 
A     E     A  P 

N     S     ft  ft 

The  four  months  go  across  the  bottom  of  the  gra>ph, 
atid  the  bars  should  be  ^f 
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equal 


23.  The  altitude  in  kilometers  is  labeled  in  the  "vertical," 
using  any  scale.  (In  this  case,  we  used  an  interval  of 
ten.)  30 

Example:   

10  — 

0  J  I  I     I  i 


MAX. 
ALT. 
KMS. 


J     F     M  A 
A     E     A  YJ 
N     B      R  R 
In  the  construction  of  this  particular  bar  graph, 

the  altitude  in  kilometers  is  labeled  in  the 


,  and  the  bars  are  of 


vertical 
equal  widths 


24. 


Combining  these  two  bits  of  information  (the  4 

months  arid  the  kilometers)  we  can  now  construct 
« 

our  bar  graph.  In  January,  the  maximum  height  was 
20  kilometers.    This  is  shown  on  the  graph  below. 


Example: 


M  40' 
A 
X. 

30 — | 

A 

JL 

T-  20 


K 
M 
S. 


10 
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Complete  the  graph,  showing  a  maximum  altitude  for 
February  of  23  kms;  March  25  kms;  and  April  28  kms. 


460 


Answer  to  bra  mo  24 


M 


40 


A 
X, 

3o^ 

A 
L. 

r.  20 


K 
M 
S. 


10- 
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vertical 
equal  widths 


25.     In  constructing  bar  graphs,  remember  we  can  use  any 

scale  desired  for  showing  altitude,  amount^,  percentage, 
etc.  ,  and  these  are  usually  shown  on  the  graphs  in 

the  We  also  want  to  remember  that 

the  bars  themselves  are  of  _  . 


26.   Sheppard  Air  Force  Base  is  concerned  with  all  winds 
coming  out  of  the  Northeast.    Construct  a  bar  graph 
from  the  following  information:    In  January,  the  winds 
were  from  the  Northeast  75%  of  the/time;  in  February, 
50%  of  the  time;  in  March,  60%  of/the  time;  in  April, 
40%  o^he  time;  and  in  May,  20%  of  the  time.^ 


4-1    I    II  I 


i  i — rx 


»  i   i  >  i  I — L 
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Answer  to  Frame  26: 


100% 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 


1  1 1 1 

1  1  1 

1  1  II 

INI 

\ 

^  z 
1  " 

"  1 

1 

1 

1 

1 
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27.     In  construction  of  a  LINE  GRAPH,  there  are  four  parts 

/ 

we  must  become  familiar  with:   the  "horizontal  axis,  M 
the  "vertical  axis,"  the  "point  of  origin,  n  and  the 


"resultant. " 

vertical  axis 

Example:  m 

point  of  oricin 

^^^^ 

horizontal  axis. 


The  four  parts  of  a  line  graph  we  must  have  a  basic 
knowledge  of  are  the  ,   * 


and  the 


10 
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horizontal  axis 
vertical  axis 
point  of  origin 
resultant 
(in  any  order) 


28. 


Horizontal  axis 


"X"  axis  or  abscissa  (independent  variable) 
The  horizontal  axis  which  is  shown  above  is  commonly 
referred  to  as  the  "X"  axis  or  abscissa ^ab^is' -a). 
On  any  line  graph  you  see\  you  would  know  that  the 
horizontal  axis  is  also  known  as  the 


or 


"XM  axis  or 
abscissa 


29.  Example: 


Horizontal  axis 


"X"  axis  or  abscissa  (independent  variable) 
The  "X"  axis  or  abscissa  is  also  known  as  the 

INDEPENDENT  VARIABLE,  which  means  that  in  the 

construction  of  a  line  graph,  any  facts  or  numbers 

placed  along  this  line  are  completely  independent  of 

any  other  facts  or  numbers. 

ThuV  far  we've  learned  that  the  horizontal  axis,  on  a 

line  gr^ph,  can  also  be  called  the  ,  

,  ,  or  ah  . 


axis  or 


variable.  All  four  names  are  interchangeable  and  all 
apply  to  the  same  line. 


"X" 

abscissa 
independent 


30.     In  constructing  a  line  graph,  the  "X"  axis,  the 
abscissa,  and  the  independent  variable  are  al 
interchangeable  with  the  term  


11 


horizontal 

»■ 

1 

31.     The  horizontal  axis,  "X"  axis,  abscissa,  and 

independent  variable  are  all  interchangeable  terms 
which  could  be  applied  to  which  of  the  lines  below? 
(Circle  the  correct  answer.) 

a.     '          b.   :   c. 

b. 

32.  Example: 

"Y"  axis  or  ordinate 
(dependent  variable) 

vertical  axis 

The  vertical  axis  which  is  shown  above  is  commonly 
referred  to  as  the  "Y"  axis,  or  ordinate. 

On  any  line  graph  you  see,  you  would  know  that  the 

vprtiral  axis  is  also  known  as  the 
or 

0  , 

12 
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"Y"  axis  or 
ordinate 

-  r  

33.  Example: 

MY,?  axis  or  ordinate 
(dependent  variable) 

vertical  axis 
The  MYM  axis  or  ordinate  is  also  known  as  the 

DEPENDENT  VARIABLE,  which  means  that,  in  the 

construction  of  a  line  graph,  any  facts  or  numbers 

placed  along  this  line  are  dependent  og  other  facts 

or  numbers  within  the  graph. 

f 

Thus  far,  we've  learned  that  the  vertical  axis  on  a 

lirr*.  graph  ran  alfln  h<».  railed  the                   axis  or 

.  or  a                         variable.  All 
four  names  are  interchangeable  and  all  apply  to  the 
same  line. 

nyii 

ordinate 
dependent 

t 

34.     In  constructing  a  line  graph,  the  "Y"  axis,  the 
ordinate,  and  the  dependent  variable  are  all 
interchangeable  with  the  term  — _  axis. 

vertical 

35.     The  vertical  axis,  11 Y"  axis,  ordinate,  and  dependent 
variable  are  all  interchangeable  terms  which  could  be 
applied  to  which  of  the  lines  below?    (Circle  the 
correct  answer. ) 

a.     ^         b.  c. 

i 

13 
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L_  et  c.  A. 
a.  b.~  cL  B. 


point  of  origin 


36.     Match  the  definitions  in  Column  B  to  the  correct  term 
in  Column  A. 


Column  A 

Column  13 

Horizontal 

a. 

YM  axis 

axis 

b. 

Ordinate 

Vertical 

—  c* 

Abscissa 

axis 

~~  d. 

Dependent  variable 

e. 

Independent  variable 

f. 

••X"  axis 

37.  Example: 

Point  of> 
origin 


Vertical  axis,  "Y".  axis,  ordinate, 
dependent  variable 


Horizontal  axis,  irX"  axis, 
abscissa,  independent  variable 


Thus  far,  we've  discussed  the  horizontal  axis  and 
the  vertical  axis.    Where  these  two  lines  meet  is 
called  the'PGINT  OF  ORIGIN. 

On  any  line  graph,  the  point  where  the  horizontal 
axis  and  the  vertical  axis  meet  is  known  as  the 


38.  Example: 


On  all  line  graphs,  points  that  are  up  and  to  the 
right  of  the  point  of  origin  are  called  positive 
forces. 

On  all  line  graphs,  any  and  all  points  that  are  up 

i  r  * 

and  to  the  right  of  the  point  of  origin  are  called 


ERIC 
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,466- 


positive 
forces 


39.  Example: 


Point  of 
origin 


On  all  line  graphs,  points  thai  are  down  and  to 
the  left-of  the  point  of  origin  are  called 
negative  forces. 

On  all  line  graph's,  anyand  all  points  that  are 
down  and  to  the  left  of  the  point  of  origin  are 

called^  and  all  points 

that  are  up  and  to  the  right  of  the  point  of  origin 
are  called  


negative  forces 
positive  forces 


40. 


We've  thus  far  said  that  on  a  line  graph,  all# 
positive  forces  are  up  and  to  the  ■  


and  all  negative  forces  are  down  and  to  the 


right 
left 


41.  Example: 


Point  of 
origin 


forces 


Positive^ 
forces  v 

\\\\\ 


In  a  line  graph,  these  positive  forces  and  these 

negative  forces  all  act  toward  the  point  of  origin,  * 

In  other  words,  the  point  of  origin  is  a  null  point 
v 

or  zero. 

In  a  line  gra^ph,  therefore,  ail  forces  act  simultan^e- 


ougly°on  the  point  of  - 


15 


ax 


origin 


42.   '  In  a  line  graph,  we've  said  the,  horizontal  axis  is 

>    also  known  as  the  axis,  the   

or  the  _  variable. 


The  vertical  axis  is  known  as  the. 
  or  the  


.axis,  the 


.Variable. 


"X"  abscissa 
independent 
"Y"  ordinate 
dependent 


43.     We've  also  said  on  a  line  graph  all  points  that  are 
up  and  to  the  right  of  the  point  of  origin  are 

called  i__   and  all  points 

that  are  down  and  to  the  left  of  the  point  of  origin 
are  cabled  _^  , 


positive  forces 
negatfve  forces 


44.     Also,  all  these  forces  act  simultaneously  on  the 


point  of 
origin 


45.     Match  the  definitions  in  Column  B  to  the  correct 


terms  in  Column  A. 
COLUMN  A 

 _  _  A.  Horizontal 

axis 

 _B,  Vertical 


axis 
Point  of 
Origin 


COLUMN  B 

a.  Ordinate 

b.  X  and  y  axis  intersect 

c.  " Y"  axis 

d.  Abscissa 

e.  Positive  forces  act 
on  the 

f.  "X"  axis 

g.  Dependent  variable 

h.  Negative  forces  act 
on  the 

i.  Independent  variable 
j.     All  forces  act  simul- 
taneously on  the 


16 
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J  •  i*  A 

a.  £.  g.?  B 

b.  e.h.JL.  jC 


46. 


The  fourth  term  we  must  learn  concerning  line 
graphs  is  the  RESULTANT. 

The  resultant  is  a  linear  functipn  or  a  straight 
lino  connectinq  all  related  coordinates  on  a 
line  graph. 

coordinates  resultant 


In  the  line  graph  to, 
the  left,  the  10  &  20, 


-L 


20  &  40,  30  &  60,  are 
the  related  coordinates 
of  this  graph.  They 
are  all  connected  by  a 
straight  line  which  is 
a  linear  function  of 
the  coordinates. 


D              10       20  30 
On  a  line  graph,  the  linear  function  or  straight 
line  connecting  all  related  coordinates  of  the 
graph  is  called  the_  . 


resultant 


47.     The  resultant  is  therefore  known  as  a  linear 
tion  or  straight  line. 


Example: 


H dependent 
variable 


c- 


Re  suit  ant 
(linear  func- 
tion or 
straight  line) 


Independent  variable 


On  any  line  graph,  when  you  see  the  line  labeled  as 
the  resultant,  we  know  that  it  is  a  ,  ,  


or  a. 


r 
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linear  function 
straight  line 


48.     The  resultant  must  always  be  a  straight  line.  It 
proves  that  the  related  coordinates  have  been 
plotted  correctly.    If  the  resultant  has  a  bend  or 
a  kink  in^it,  that  point  on  the  line  graph  has  been 
plotted  incorrectly. 

Example:  correct  incorrect 


To  prove  that  the  line  graph  is  accurate,  the 


resultant  must  always  be  a 


Straight  line 


49.     We  could  also  say  that  the  resultant  is  a  line 

which  connects  all  related  coordinates  on  a  line 
grafc>h. 

Example:  The  10  h  20,  20  &  40, 

etc.  ,  are  the  related 
coordinates  on  this 
,  particular  line  graph. 


On  a  line  graph,  therefore,  the  resultant  is  a  line 
which  connects  all  iL_  —  


and  this  resultant  must  always  be  a 


18 


related 
coordinates 

straight  line 


linear  function 

straight  line 

related 
coordinates 


A  -  d.g. 
B  -  a.  e. 
C  -  b.  h. 
D  -  c.  f. 


50.     Remember,  the  resultant  is  also  known  as  a  linear 
function  or  straight  line,  and  it  connects  related 

\ 

coordinates  on  a*line  graph. 

Whenever  you  see  the  term  resultant  as  it  is 

applied  to  line  graphs,  you  know  that  it  can  be 

called  a    or 

°_    ,  and  that  it  connects 

    on  a  line  graph. 


51.     Match  the  definitions  in  Column  B  to  those  terms 
which  apply  to  it  in  Column  A. 


COLUMN  A 


COLUMN  B 


A.  Horizontal 

axis 

B.  Vertical 

axis 

C.  Point  of 
Origin 

D.  Resultant 


a*   "Y"  axis  or  ordinate 

b.  Positive  and  negative 
forces  act  on  the 

c.  Linear  function  or  a 
straight  line 

d.  "X"  axis  or  abscissa"" 

e.  Dependent  variable 

f.  Line  connecting  relat- 
ed coordinates 

g.  Independent  variable 

h.  Where  X  and  Y  axis 
intersect. 


52.     A  line  graph  is  used  when  we  wish  to  show  a  set  of 
related  facts. 


Example; 
46.  0 


J 


0       10       20     ~  30  40 


KNOTS 

Whenever  you  see  a  line  graph,  you  know  that  it  is 


showing  a 
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/ 


J- 


set  of  related 
facts 


53.     Since  most  mathematical  equations  are  statements  of 
"related  facts,"  we  could  set  up  a  line  graph  that 
would  represent  these  mathematical  equations. 
The  formula  for  converting  Fahrenheit  to  Celsius  is 
a  mathematical  equation  and  it  can  be  set  up  as  a 
<■    line  graph  because  it  is  a  statement  of 


related  facts 


54.     The  first  step  in  constructing  a  line  graph  is  to 
nujmber  of  "X"  axis,  which  is  the  independent 
variable. 


Example: 


0  10  20  30u 
'  *  CELSIUS 


NOTE:   As  we've  already  learned, 
the  independent  variable  is  set 
up  first  because  the  numbers  or 
-facts  on  this  line  can  be  spaced 
independently  of  any  other  infor- 
mation on  the.  graph*    Either  of 
the  temperature  scales  could  have 
been  placed  along  this  axis. 


independent 
variable 


55.     The  second  step  is  to  number  the  'lY"  axis  or  dependent 
variable. 


Example: 


A 
H 
R 
E 
N 
H 
E 
I 
T 


100 
90 
80 
70 

60 
50 
40 
30 
20 
10 
0 


20 


30 


NOTE:    Using  ready-made  graphs 
as  we've^done  fiere  simplifies 
the  process  of  spacing  the 
numbers.    If  we  were  to  start 
from  scratch,  we  would  first 
have  to  compute  the  coordinates 
of  the^two  scales  to  get  the 
proper  spacing  for  the  "Y"  axis 
0which  is  dependent  upon  the  "X" 
axis.  1 


10 

CELSIUS 

In  constructing  this  line  graph,  the  second  step  is  to 


number  the. 


_axis  Or  , 


20 


472 


dependent 

variable 


5b.     To  compute  the  related  coordinates  of  the  line 

graph,  we  must  now  use  the  formula  for  converting 

Celsius'  to  Fahrenheit,  which  is  F  =  (C  x  1 .  8)  +  32. 

0  J) 
The  formula  for  converting  Celsius  to  Fahrenheit  is 

 '.  .    This  formula  is  used  to  compute 

the      of  this  particular 

line  graph. 


F  »  (C  x  1,8)  +  32 

related 

coordinates 


57.      Using  the  formula  F  =  (C  x  1.  8)  +  32,  find  the 


5* 


equivalent  Fahrenheit  value  of  10?  Celsius. 
The  steps  would  be  as  follows: 


F  =  (10  x  1.8)  +  32  t 

=  (18)  +  32  ^^"This  step  simply  involves  removing 
F  =  18  +  32  the  parentheses. 

F  =  50°. C. 

Thus,   10°  Celsius  is  equal  to  50°  Fahrenheit.  Thsse 

two  values  are  the  related  coordinates  to  be  drawn  on 

>  t  . 

the  line  graph*  '         -  ° 

Find  the  equivalent  Fahrenheit  value  of  20°  Celsius. 

F  =  (  x  1.8)  +  32 

F  =  (     )  +  32  „ 

—      — .       J^Remove  the  parentheses. 
F  ^  +  3*2  *^ 

F  =  , 


20 

(3b) 

36 

F  -  68° 


58.     Using  the  formula  F  =  (C  x  1.8  +  32),  find  the 
equivalent  Fahrenheit  value  of  30°  Celsius. 


'  Answer_c_ 


1 


21 


47 


9 


86°  F  < 


59.     We've  determined  that  10°  C.  equals  50°  F. ,  20°  C.  » 
equals  68°  F. ,  and  30°  C.  equals  86°  F.    These  are 
the  related  coordinates  used  for  drawing  the  resultant. 
Remember,  the.  resultant  proves  whether  we've  com- 
puted the  coordinates  correctly. 

Example:   The  coordinates  for  10°  C.  equals  50°  F. 
have  been  plotted  on  the  graph  below. 


F 

A 

H 
R 
E 

N 
H 

I 
T 


♦  100 

90 
80 
70 
60 
50 
40 
30 
20 
10 
0 


F 

A 

H 

R 

E 

N 

H 

E 

I 
T 


100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 


-t- 


°  '       10CELSU!§  30 
Draw  the  coordinates  on  the  above  graph  for 


20°C.  equals  68°  F.  and  30°  C.  equals  8b°  F. 


■  e 

'----1 

1  1 

,\  1 

10"  20  30 
CELSIUS 


60*:    With  the  coordinates  plotted  on  the  graph, 
wj^nfJw  draw  the  resultant. 
Example: 


F 

100 

A 

90 

H 

80 

R 

70 

E 

60 

N 

50 

H 

40 

E 

30 

I 

20 

T 

10 

0 

*- 

11  " 

i  

V 

*- 

10  20 
CELSIUS  * 


30 


Draw  the  resultant  or  linear  function  of 
the  related  coordinates  on  ^he  above  graph. 


1  & 


22  ' 


\00 
30 
80 

7P 
60 

40 


10 
0 


2.0 


0 


10      20  30 

a  CELSIUS 

As  you  can  see,  the  re^ 

sultant  crosses  the 

vertical  axis  at  32°  F.  , 

which  of  course  equals 

0°  c. 


straight  line 


61.     As  you  have  already  learned,  the  resultant 
must  be  a  straight  line.    If  it  isn't,  the  co- 
ordinates on  the  line  graph  are  plotted  incor- 
rectly. 

When  constructing  line  graphs,  the  plotted  re- 
sultant must  be  a_     .   . 


62.     The  first  step  in  constructing  a  line  graph  was 
to  place  the  facts  or  numbers  (in  this  case, 
the  Celsius  temperatures)  along  the  horizontal 

axis,  which  is  the  axis  or  

variable. 


independent 


63,     The  second  step  was  to  place  the  second  set  of 
facts  or  numbers  (P'ahrenheit  temperatures) 
along  the  vertical  axis  or  _>axis,  which  is 
the  variable. 


dependent 


64.      The  third  step  was  to  determine  the  equivalent 

\ 

Fahrenheit  temperature  for  each  Celsius  tempera- 
ture  to  obtain  the  related  coordinates,  using  a 
given  formula,  which  as  we  said  is  a  methema- 
ticai  equation.    As  we've  thus  far  said,  the  third 

step  is  to  obtain ^he  related   , 

„  using  a  given  formula  which  is  a   


?3 


#2.7 


coordinates 

mathematical 

equation 


o5*      The  fourth  stop  is  to  prove  the  related  co-  a 

ordinates  are  accurate  by  drawing  the  resultant, 
and  \*e  said  this  resultant  must  be  a  


straight  line 


Using  the  formula:    MPH  =  1,  15  x  KNOTS,  construct  a  line  graph  converting 

KNOTS  to  MPH,  ranging  from  0  to  oO  knots,  at  20-knot  intervals,  i.e.,  0, 

20,  40,  and  60  knots.    DRAW  IN  RELATED  COORDINATES  and  the  RESULTANT. 

80 
70 


M 
P 
H 


b0 

50  f- 

40 
30 
20 
10 
0 


20      m  40 
KNOTS 


h0 


M 
P 
H 
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f 
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REVIEW  TEST 


1  .     W  rite  tht  definition  of  a  graph. 


9 

il      Construct  a  circle  graph  using  the  following  information:    The  motor  pool  has  a 
total  of  50  taxies.    15  are  19b5  half-ton  trucks;  5  are  new  half-ton  trucks;  20  are 

M  four-<door  sedans,  and  10  are  station  waqons.    Indicate  in  each  portion  of  the  qraDh 

the  type  of  taxi  it  represents  and  the  amount  of  the  angle. in  degrees,    (The  angles 

*  " 
drawn  do  not  have  to  be  exact;  the  number  of  degrees  indicated  should  be/exact.  ) 

Be  sure  to  label  each  sector. 


7 


25 
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~.      Construct  a  bar  graph  using  the  following  information:    During  the  first  6  months  | 
of  1964,  the  accuracy  of  the  surface  observations  was  as  follows:    January  94%, 
February  73%,  March  89%,  April  92%,  and  May  98%. 


4.     Match  the  definitions  in  Column  B  to  those  terms  which  apply  to  it  in  Column  A. 


COLUMN  A 


COLUMN  h 


A. 

Horizontal  axis 

a. 

b. 

B, 

Vertical  axis 

c. 

C. 

Point  of  origin 

d. 

e. 

D. 

Resultant 

f. 

g. 

h. 

Linear  function  or  a  straight  line 
"X"  axis  or  abscissa 
Positive  and  negative  forces 
act  on  the 

"Y"  axis  or  ordinate 
Where  the  X  and  Y  axis  intersect 
Line  connecting  related^  coordinates 
Dependent  variable 
Independent  variable 


T 
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Using  the  "formula:   MPH  =  1.  5  x  KNOTS,  construct  a  line  graph  converting 
KNOTS  to  MPH,  ranging  from  50  to  100  knots,  at  25-knot  intervals,  i.  e.  , 
50,  75,  and  100  knots. 

150  j  : — |  

*  140  

130  — 

120  

110  ;  — 

100  :  

90  "   :  

•  80  


u0    —  ^  

50    I  L  U 

50  75  100 

KNOTS 


Answers  to  Review  Test  are  on  page  i.* 
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Introduction  to  Cardiology 
HaJOt  AaTXAJUUflfTHHIA  HUGS 


\ 


1.  Quinldine 
e.  Action 

(1)    Myocardial  depressent 
tillty.  <a>    D€Pr«»"V*clf»»"ity.  cosJoctioa.  sp^,  .«d  contrac- 


•  I    Decreaeee  eutosaticlty  of  ayocerdlei  tissue  ftha 

h.    Uses  '   .  a 

(1)    Friaarily:  Atrial  arrhythnias 

(e)    Atrial  Fibrillation 

(b)    Atrial  Flutter  ,  ^ 

.  <J>  A"°  u»*d  t4>  tre.t  prennture  contractions,  etrial  and  nodal 
techycardia,  and  ventriculer  techycerdle  and  fibrillation. 

c .  Dosage 

(1)    Orel  -  Loading  Dose:    400  ag. 
S  Maintenance:      200  ag.  c,.  4  hours 

(e)  ■  Iffective  in  about  2  hours 

period  or'ti..1:"-  "  "  "-  •M""M  *  ^  th«  •« 

(3)    I.V.  -  Hazardous 


4Sj 


d.    Side  Effects 

(1)  Cardiac  (Cardiocoxic) 

(a)    Over-depression  of  atrioventricular  conduction. 
I    Creation  of  A-V  block. 

X  .«  _  * 

±    Intraventricular  conduction  delay. 

(2)  Extra-Cardiac 

(a)  Chinchonisn 

I   Anorexia  (loss  of  appetite),  nausea,  vo.it  inc..  diar- 
rhea, vertigo,  tinnitus,  headache,  and  visual  disturbance. 

0 

(b)  Has  the  potential  to  produce  hypoprothroablaaaHc  hemor- 
rhage in  patients  receiving  Coumadin. 

e.    Contra- Indications     •  •**•». 
(1)    Conduction  defects;  especially  coae-lete  heart  Mock. 

„  „         ^    Conditions  in  which  conversion  of  atrial  fibril latlae,  ta 

N.S.R.  may  result  in  embolism. 

\(3)    Due  to  Quinidine's  action  on  the  refractory  period,  rnaduc ■ 
t ion    and  automaticity ,  P.V.C.'s,  ventricular  tachycardia,  sad  ventricular 

xibrillation  can  occur. 

U.    Procainamide  (Pronestyl) 
a.  Action 

(1)    Myocardial  depressant 

(a)    Similar  to  Quinidine's  action. 

*  b .    Uses  ' 

(1)  Ventricular  arrhythmias  -  frequent  P.V.C.**  and  ventricular 

tachycardia.  • 

(2)  May  be  used  for  auricular  fibbrlllation  but  not  as  effective 

as  Quinidine. 


e.    Dosage  ^ 
CD    Oral  , 

(a)  500-1, 000' ag.  q.  4  -  6  hours  X  ' 

(b)  Effective  in  about  2  hours 

t> 

(2)    I.M.  * 
(a)    Dosage  same  as  oral 

( 

Co)    Effective  in  %  -  1  hour  t 

mA.v.     >  * 

50-75  „g.  p«r(a)    200  "  500  *  <U>  "  1  °->  "  •  «t.  not  exceeding 

« 

<b)    I.V.,  «ay  cause  hypotension. 

1  Blood  pressure  related  to  infuaiee  rate. 

2  HCG  and  blood  pressure  emrttoris*  required. 

d.    Side  Effects 

,  (1)  Cardiac 

(a)    Toxicity  siailar  to  Qulntdine. 
(2)  Extra-cardiac 

(a)  Anorexia,  N  i,V,  chill.,  fr,,,  «y  arug  r/>h.,# 

(b)  Agranultocytosis,  lupus- like  illness .  / 

(c)  I.V.,  -  hypotension. 
III.    Lidocanine  (Xylocaine)  / 

a.    Action  / 
(1)    Myocardial  Depressant  /  . 

(a)  Depresses  vantricular  exit ability*  ' 

(b)  Little  effect  on  sinoatrial 


bo 


be    Ventricular  Arrhythmias  . 

(1)  Drug  of  choice  in  Rx  of  P.V,C.#e  at*  ventricular  tachycardia. 

(2)  Effective  for  suppression  of  ventricular  arrhyttelaa  relate 
to  cardiac  surgery cardiac  catheterization,  myocardial  lafaretlo*.  ead 

digitalis  intoxication. 

■A 

(3)  Has  not?  been  found  ttf  be  real,  effective  on  supraventricular 

arrhythmias. 

c.  Dosage 

(1)    I.V.  '  ' 

(a)  Bolus  -  1-2  ag.  per  kilogram  ef  bed?  weight  (uawelly 

50-100  mg.)  to  * 

/  1   Effective  within  45  seconds'  to  3  alew tee  earn  is 

dissipated  within  4-15  minutes 

(b)  Continuous  infusion 

1  Should  follow  bolus  at  a  rata  te  prevent  rhvtlM 

disturbance,     ^  ^ 

2  Over  200  ng.  per  hour  increasee  flak  af  al4a  mt faete* 

d.  Side  Effects 

(1)  Cardiac^ 

(a)    Over -depression  of  myocardial  excitability.^  f 

(2)  Extra-cardiac  <  r 
(a)    Therapeutic  dose. 

♦ 

JL  *  Drowsiness  or  "llghtheedednese." 
2.   Numbness,  confusion,  diaorleatatloa,  ead  auecwlar 


twitching. 

3   All  side  effects  disappear  wit ale  15*20  aiSMtes 

I.V.  medication  is  stopped,. 

(b)    Large  doses  > 

I    Seizures  -  Grand  Mai  and  Petite  Hal. 


ERIC 
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death.  -   CN.S.,  circulatory*  md  respiratory  depression  and 

i .    Cont  r  a-  Ind  icat  Ions 

(1)  The  presence  of  heertblock  with  A  ¥  dissociation. 

(2)  Slow  nodal  or  idioventricular  pacemaker. 
IV*    Diphcnylhydantoin  (Dilantin) 

«.    Actions  "  * 

(I)    Decreases  myocardial  excitability.  . 

(•)  Thought  to  increase  A-V' conduction, 
(b^  Depresses  ventricular  automat lclty. 

b.  Uses 

(1)    Ventricular  arrhythmias. 

and  alao^LStS1?^  TfUl  ^f*1"^*****  tachycardia  . 

and  also  digitalis-induced  ventricular  arrhythmias.  8 

c.  Dosage 

i  * 

(1)    Oral  -  200  -  400  ng.  per  day  in  divided  doses. 

d.  Side  Effects        •  '  ., 

(1)  Cardiac  (I.V.)  f 

(a)  Bradycardia 

(b)  Hypotension 

(2)  Extra-cardiac  *  , 


1/ 


(a)    Nervousness,  ataxia,  tremor,  visual  disturbance  akin 
rashes,  thrombophlebitis  at  infusion  site,  and*  respiratory^™?:  " 

Hyperplasia  £L%>?T*^  °°  ^ 


5 


4S5 
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*     )         •  . 

e.    Contra- Indications  ^ 

(1)  '.Severe  bradycardia.  '  **' 

(2)  High  degree  of  A-V  block,  j 

(3)  Use  cautiously  with  patients  with  seriously  impaired  cardiac 

function,  significant  acidosis,  and  impaired  liver  functl**. 


"V.    Propranolol  Hydrochloride ^(Inderal) 


a.  Action 

(1)    Beta  -  Adrenergic  Blacker 


(a)    Blocks  the  effects  of  sympathomimetic  srnla**:    w  \ 
It  slows  hesrt  rate,  decree***  (sec*  of  earner**  tl** 

(negative  inotropic  effect).    Decreases  A-V  conduction. 

(2)    Antiarrhythmic  property:    mayb*.  a  Qulnldln— like  prmmsVty 

unrelated  to  Beta-Adrenergic  blockade. 

f  ,.  .  ,1  <  -  \ 

o .    Uses  '  »  .  ,  .  \ 

»(1)  Tachyarrhythmia*  (of  Digitalis  iatoxlestisB.  \  *\ 

(2)  Reduce  ventricular  reaponse  to  atrial  flutt«r  *r  fibril tat lorn 

(3)  PAT,  and  si  wis  tachycardia  and  *xtra*y*t*l*. 

(4)  Effectiveness  in  ventricular  rhythm*  Is  co*trov*r*l*l . 

(5)  Being  investigated  for  treatment  of  angina  pectoris*  & 

(a)    Reduce  Myocardial  oxygen  deoands  by  blocking  Urn  ' 
increase  in  cardiac  contractility  and  heart  rate  produced  by  sympathetic 

stimulation*  *  :'; 


(b)    This  resultant  reduction  in  Myocardial  contractility 
could  lead  to  cardiac  enlargement  and  increase  Myocardial  oxygen  require- 
ment s  • 

c.    Dosage      ^  s 
(!)    Orally  v 
,       (a) '  Preferred 

1    10-30  mg.  T.I.D.  or  Q.I.D. 

'  '  .  ^  '  *•  „  X 

«-  >.  486 


(2)    I.V.  .  % 

•  \: 
(a)    Need  continuous  Monitoring. 

.»  V 
I  *  1-3  ag.  «t  1  ag'.  per  alaute  fc\ 

d.  Side  Effects  ' 

'  (i)  '  Cardiac  * 

t  (a)    Heart  block  and  sinus  bradycardia. 
(2)  Extra-Cardiac 

(a)    Nausea,  voaiting,  lightheadedness'  aild  diarrhea, 
constipation  and  aent.el  degression.  * 

e.  Contra- Indications 

.  ►  u  (1J  2n?,"tlv<  heart  failu»  UQ1«M  the  failure  is  secondary  to 
a  tachyarrhythaai  treatable  with  Propranolol.  —««T  to 

i  ' 

(2)    Bronchial,  esthete.  >, 

\      (3)    Cardiogenic  shock. 

(4)    Use  with  ceut.ion  in  patients  sasceptible  to  hypoglyceaia 
o  "cut1? n^JaSaT*  ^  *PPWaBC*  *  -  Wtoa. 


VI.  Potassiua 

s.    Action  ..j 


i 


u    e  (,l>    A?°?8  Wtth  Sodi«»  lfc       ".po^ifcU  foe  .yocardial  altctro- 

mechanical  activity.  ^  7 

norMl.  "b.r  potentiator  dependent  on  K/Na-  ration 

normally  1:35)  in  the  resting  cell  end  on  the  intracellular- to  extra- 
cellular gradient  of  these  ions. 

(repolarization).  °f  **  U  "        r"tin«  ^t«ti-1 

pacemaker2^"*""  ^  °f  «P<>«——  daaelarisation  in  .11  ^ 


«j  V  nrj.  .  !*toplc  P«ceaakers  are  even  aecc  sensitive  than  the 

2>-A  node  to  this  effect. 

.<     7  <f 


Uses 

t 


(1)  Arrhythmias  related  to  K+  depletion  (3  mla./L). 

(a)  Diuretic  therapy.  '  ' 

(b)  Loss  with  prolonged  vomiting  a*d  diarrhea. 

(c)  Digitalis  intoxication. 

(2)  Ectopic  rhythma  ** 

.       (a)    Supraventricular  and  ventricular  rhythma  and  Wats. 

Signs  and  symptoms  of  hypokalemia 

(1)  Cardiac 

(a)  ^  Lowering  of  th*T-vave  (slews  rt^lirtiUUi). 

(b)  Development  of  a  U  wave.  t 

(c)  Slight  widening  of  QRS  (slave  4f  Urise tlmm ), 

(d)  Increase  in  myocardial  IrrltefrlUty. 

(2)  Extra- cardiac. 

'  i  •  * 

(a)  General  symptoms  £f  electrelyte  demletlem. 

1  Vague  weakness. 

>  * 

2  Apathy. 

2   Mental  confusion. 
•       £   Anorexia,  nausea,  and  vomit lag.  ^ 

5    Hypotension.  \ 

(b)  Specific  signs  of  hypokalemia, 
j.   Marked  muscle  weakness. 

2   Abdominal  distention  due  to  intestinal  atomy. 

(3)    Serum  Potassium  levels.  ^ 

f*T"  EKG  signs  usually  evident  at  potassium  levels  less  than 


r 
8 


.  1 

3  m*l./L.  \ 
^     d.  Dosage 

(1)  Oral  _ 

(a)    Tablet  or  liquid 
o     ,   <b)    Usually  0.5-1,0  Qm.  T.IJI.  or  Q.I.D. 

^  US"  c*utiou»ly  in  presence  of  renal  Insufficiency. 

(2)  I.V.  .U^ 

(a)  *  Should  NIVBR  be  given  as  a  direct  injection. 

(b)  40  ngq.  dissolved  in  500-1,000  ce»s  of  glucose  solution 
given  over  a  period  of  at  least  1-2  hours. 

,      1   Rapid  potassium  ihfuaion  produces  bradycardia  and  A 
myocardial  depression;  a  potentially  lethal  cemkination.  t 

VII .    Insuproterenol  <Ieuprel) 

a.    Action  \<  •  | 

(1)    Sympathomimetic  Amine  * 

(a)    Acta  on  let!" nerve  receptee*. 

JL    Haa  a  positive  inotropic  effect  -  increaaea  the 
force  of  myocardial  contractility, 

£    Increaaea  heart  rate 

a    Stimulates  S-A  node,  Ucreaeea  conduction  through 
A-V  node,  and  increaaea  ectopic  activity*  j 

3    Causes  vasodilation  of  cormMy  atri  systemic  blood 

vessels. 

bo  Uses 

(1)    Cardiogenic  Shock 

(a)    Increases  cardiac  output. 

I    Kay  result  in  an  increase  in  blood  pressure.  ' 

> 


'  2   May  further  reduce  bloo4  pressure  by  vasodilation 

and  further  reduce  perfusion  of  brsin  end  heart. 

(2)  Heart  block  \  * 

\ 

(a)    Increases  the  rste  of  nodal  and  ventricular  pacemakers, 

\ 

(3)  Harked  sinus  bradycardia 

(a)    Stimulates  the  S-A  node, 
r. .  Dosage 

(1)  I.V.  Vv 

(a)    1  mg.  in  500  cc  of  glucose  solution. 

1    Give  slowly  with  rata  ceat relied  according  to 

response  or  occurrence-  of  undersirable  cardiac  affects. 

(2)  Subcutaneous  * 

/ 

(a)    0#2  mg#  q#  3  hours.  ' 

(3)  Sublingual 
d.    Side  Effects 

(1)    Cardiac  (Cardiotoxic) 


(a)  Increases  Myocardial  irritability. 
JL    Development  of  ventricular  tachycardia  and  ventricular 

fibrillation. 

2  Palpitation. 

(b)  Precordial  distress  -  anginal  type  pain. 

(2)  Extra-cardiac. 

-r 

(a)    Nervousness,  tremor. 
•  (b)    Nausea  and  vomiting. 

(c)  Headache,  dizziness ,  weakness. 

(d)  Flushing  of  skin*  ,  1 
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VIII.  Atropine 
a.  f Action 

(I)    Cholinergic  -  blocking  agent.  ^ 

(a)    Blocks  cardiac  factions  of  the. vagus  nerve. 

k  This  allows  the  sympathetic  nervous  system  to  gain 

control  over  the  S-A  node.  > 


ilfktfra1 


1   Since  vagal  fitora  are  distributed  to  strial  tissueu 
and  to  both  the  S-A  node  sad  A-V  node,  ret*  of  S-A  node  Increases  end 

A-V  conduction  is  increased.  "* 

b.  Uses 

(1)  Severe  sinus  bradycardia 
(a)    When  bradycardia  due  to  increased  vagal  actiona. 

(2)  Occaaionally  1°  -  2°  A-V  block  1 

(a)  When  block  due  to  increase*  vagal  actiona. 

(b)  Occaaionally,  say  sggrsvevate  2*  A-V  block. 

1  N»r«  ainua  impulses  will  arrive  at  the  already 

depressed  A-V  node.  .  i 

(3)  Antiarrhythmic  properties  probably  indirect, 
(a)    Increeaed  rate  of  normal  pacamehsr  decreaaea  ectopic 

activity. 

c.  Doe age 

(1)    I..V.  „  ' 


hours. 


(a)    Single,  rapid  injection1 of  0.5  mg.  to  2.0  ag  q  4-6 


(2) 


VP 


<a)*'v£.5  ag.  -  2.0  ag.  q.  4-a 
d.    Side  Effects 

(1)    Induce*  urinary  retention. 
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(a)    Especially  in  elderly  male*  with  prostatic  hypartraphy. 

(2)  .  Can  precipitate  acute  glaucoma. 

(3)  Dryness  of  mouth  and  akin/ 

-     (4)    Dilation  of  the  pupil  and  paralysis  of  accoMdatis*. 

IX.    Cardiac  Glycosides  ('Digitalis19) 
a.  Action 

(1)  Post lve  inotropic  action 

(a)    Incresse  the  force  of  myocardial  contractility  I' 

(2)  Action  * 

(a).  Stimulates  the  vagus  aervc  f  slew  heart  rata. 

*       (b\  Improve"ent  of  "yocardial  cent ract leu  as*  effleies*y 

of  circulation  also  coat ri but «•  to  cardiac  — •— 


(3)    Decreases  £mductivity .  „• 
b.    Uses  -  1.    Supraventricular  arrhythmia* 

(a)  Atrial  fibrillation  and  etrtll  flatter. 

1  Decreases  rasponslveaess  ef  A-f  node  to  The  left  see 

of  atrial  stimuli  wiaersjf 

a   Oecreaaes  ventricular  rate. 

2  Increeeee  force  of  ventricular  ceatrectlee*. 

'  k 

3  Improves  myocardial  oxygcaatioa  thus  freeuemtlv  ' 

couverts-  arrhythmia  to  sinus  rhythm.  7 

r 

(b)  Paroxysmal  atrial  tachycardia. 

(2)    Congestive  heert  failure 

Cm)    Hore  effective  In  low  output  congestive  heart  failure 

such  as  that  accompanying  myocardial  infarct ion.  . 


c.   Types  and  Dosages 
(1)  Ouabain 
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(a)  Clinically  effective  in  5-10  ftlautes. 

(b)  Parenteral  only. 

(c)  Digitalitation  dose:    0.5  ag. 

(2)  Dcalanoaidc  (Cedilanld-D) 

(a)  Onset  of  action  in  20-30  aiautes. 

(b)  Typical  effectiveness  in  1-2  hours. 

(c)  Oral  I. V.,  or  I.M. 

(d)  Digitaiiaation  Dose:    Oral  ••  5.0  ag.  -  10.0  ag. 

•     %  "i   -    l.t  ag. 

(e)  Maintenance  Dose:  0.5  ag.  to  2.  -  ag. 

(3)  Digoxin 

(a)  Onset  in  less  than  30  aiautes. 

(b)  Typical  effectiveness  la  1%  to  3  hours. 

(c)  Oral,  I. v.,  or  I.M. 

<d)    Digitaiixation  Dose:    Oral   -    1.0  a*.  -  4  ag. 

l.t,    -      .75ag  -  1.0  ag. 
Maintenance  Dose:    .25  ag.  to  1.0  ag. 
(e)    Half  tiae  for  urinary  excretion  is  4«  hours. 

(4)  Digitoxin 

(a)  Speed  of  action  about  1  hour 

(b)  Oral,  I.V. 

(c)  Digitaiization  Dose:    1.0  ag.  -  1.5  ag. 
lfsintenance:  .05  ag.  to  2.0  ag. 

(d)  Half- tiae  for  urinary  excretion  i$f  9  days. 

(5)  Whole  leaf  Digitalis 

13 
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(a)  Oral 

(b)  Digitization  Dose:    l.o  Cm.    .  u% 
Maintenance  Dose:    0.1  (a,  dally 

(6)    Gitalin  (Gitaligin)  • 

(a)  Oral 

(b)  Digitalization  Dose:    4.0  -  t.O  ag. 
Maintenance  Dose:    .25  ag.  -  l.ft  ag. 

d.    Side  Effects 

(1)  Cardiac 
•   *  »(a)    Card lot ox lc 

I    Increased  Myocardial  Irritability. 

a   Frequent  PVC'a  (oftea  occur  lag  as  elgealay). 
b   Any  rapid  rate  arrhytkala  with  JUV  Mack, 
almost  pathonomonic.       1    n"»Vm*l  **Ui  tachycardia  alt.  .lata  1. 

ular  conduction  doiclr1"8  "  **  "*  **  —  *•"—«««- 

(b)    Therapeutic  doses. 

1  Decreased  heart  rate. 

2  Prolongation  of  the  P-l  Interval. 

a.u  *    Lower*  threshold  of  noa-vuloenkl*  Mvi«i  ^  

the  countershock  is  applied  and  ventricular  e^TS^^^. 

(2)  Extra-cardiac 

(a)    Anorexia,  nausea,  voaltlng  and  diarrhea. 

r 

  -  1    Due  to  direct  irritant  effect  ea  sastroiateaeiMi 

mucosa  and  a  central  nervous  sy.tea  action  oa  the  e^t^aS.^IIImi, 

14 
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.   \  . 

vagal  center.  1 

vision  <b>    Confuslo?»  d*««*ftn«»»  *na  occasionally  a  peculiar  yellow 

e.    Treatinent  of  Side  Effects  and  Toxicity. 

(1)  Discontinue  Digitalis. 

(2)  AdMniatration  of  potaaaiua  if  hypokalemic. 

(3)  Administration  of  Atropine  for  slow  rate. 

^iJ^ls  Ch"Utlon  of  «lci«a  by  use  of  EDTA  (Ithylene-Dianinetetra*  • 

acetic  Acid) •  >■ 

(5)    Antlarrhytheiic  agents, 
(a)  Dilantin 
^  (b)  Inderal 

r 

*f.    Contra- Indication* 

(1)  Digitalis  toxicity. 

(2)  Inceeylcte  heart  block. 
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Department  of  Medicine  SW  3ALR91630-II-1 

Clinical  Medicine  Training  Branch 

Sheppard  Air  Force  Base        8  July  1973  » 

ANATOMY  AND  PHYSIOLOGY  OF  THE  RESPIRATORY  SYSTEM 


OBJECTIVES: 

1.  Match  structures  which  comprise  the  five  thoracic  borders  with  , 
their  anatomical  location. 

2.  Label  the  muscles  of  respiration. 

_  tf 

3.  Match  respiratory  organs  or  structures  with  their  function. 

4.  Label  the  major  structures  of  a  lung. 

5.  Complete  statements  pertaining  to  the  physiology  of  respiration, 

a  t 

INTRODUCTION: 

4 

Several  structures  are  known  collectively  as  the  respiratory  system. 
This  study  guide  is  designed  to  familiarize  you  with  the  various  struc- 
tures. \ 

'**"'■> 

INSTRUCTIONS:  . 

1.  All  essential  material  is  included  in  the  summary;  therefore, 
additional  notes  should  not  be  necessary. 

2.  ^  While  the  instructor  is  explaining  the  various  organs  of 
respiration,  label  the  diagrams  as  indicated.  ,  * 


3.  When  directed  by  the  instructor,  complete  each  exercise. 

4.  Keep  th^.s  study  guide  /workbook  for  future  reference. 
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Label  the  following  il lustration. as  it  is  discussed. 


Figure?  1 
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Label  the  following  illustrations  as  thoy  are  discussed. 


EXERCISE  A.  ►  .  • 

1.    Match  each  thoracic  border  In  columrA  with  its  anatomical  location  from  column  B. 
Pltfce  the  correct  number  in  the  blank*      b     •  , 


A  -  Thoracic  Border 
.  a.  Diaphragm 
;b.  First  ribs 
m  c.  Sternum  # 
/d.  Body  of  R1bs 
b  e.  Vertebrae  and  Posterior 
ribs'    '  * 


A 


B  -  Anatomical  Location 

*         .  .  . 

1.  Posterior 

2,  ^lateral 
!k  Inferior 
4.  \Anterior. 


5.  Superior 


2.    Study  the  Illustration  below,  then  Identify  the  area  Indicated.   Write  the  correct 
name- for  each  area  or  structure  in  the  corresponding  blank. 


a. 


Figure  7 
8 
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b. 
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EXERQISE  B. 

I.    Match -theVespiratory  organ/or  structure 'in  column  A  with  its  definj«tion  from 
column  B.   Place  the  correct  number  in  the  blank. 


A  V  $XS*Pl$  tructure 


^  r|,  Septum\ 

 e.  NasophaVynx 

 f.  Cricoid 

 q.    Thyroid  cartilage 

Glottis  \ 

Oral  pharyn\ 

\ 

i.    Larynx  ^ 
k.    Laryngeal  pharynx 


Ji. 

i . 


B  -  Definition* 

1.  Divides  the  nasal  cavity. 

2.  Located  posterior  to  trie  mouth, 
extending  down  to  the  level  of 
the  hyoid  bone.. 

3.  A  slit-like  structure  which 
seals  off  the  air  passageway. 

4.  Wost  inferior  cartilage^of  the^ 
larynx,  e 

5.  7Fi Iters  the  air  as  it  passes 

through  the  nasal  cavity. 

6.  ,Lies  below  the  upper  edge  of  the 
epiglottis  -  opens  into  the 
larynx  and  esophagus. 

7.  A  ftap-lilce  structure  -  seals  off 
the  air  passageway  when  swallowing 
food, 

8.  May  be  used  as  a  radiographic 


landmark  -  lies  at  the  level  of 
Lies  behind  the  nose  and  above 


C-4. 


the  level  of  the.  soft  palate  - 
contains  the  opening  for  the 

Q 

eustachian  tubes. 

10,  The  "voice  box". 

11.  The  throat. 


506 


Study  the  illustration  below,  then  identify  the  area  indicated.   Write  the  correct 

^  ■  ,  ■ 

nanse  for^each  area  or  structure*™  the  corresponding  blank. 

o 


Figure  8 

a.  :  "  d;  
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3.    Study  the  Illustrations  below,  then  identify  the  area  indicated, 
name  for  each  area  or  structure  in  the  correspondinq  blank. 

F 


Write  the  correct 


EXERCIjH?  C. 

I.    Match  each  structure  in  column  A  with  its'jdescripton  or  definition  from  column  B. 
•Place  the  correct  number  in  the  blank. 


A  -  Structure 
a.:  Hilum 

 b.  Trachea 

rgffggr  Right  lung 

 d.  Bronchioles 

 e.   Alveolar  sacs 

 f .    Secondary  bronchi 

 g.   Right  primary  bronchus 

 h.    Left  lung 


B  -  Descripton/Definition  •* 

1.  Has  two  lobes. 

2.  Has  three  lobes. 

3.  The  functional  units  of  lungs. 
4    Made  of  "C"  shaped 

cartilaginous  rings. 

5.  An  opening  on  the  medial 
surface  of  the  lungs. 

6.  Carries  air  into  the  lobes 
.  of  the  lungs. 

7.  Controls  the  amount  of  air 
which  enters  the  alveolar 
sacs. 

8.  More  vertical  and  larger  in 
diameter  than  tie  lnft 

♦    primary  bronchus. 
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2,   Study  the  illustration  belcw,  then  "identify  the  area  indicated.   Write  the  correct 
name  for  each  area  or  structure  in  the  corresponding  blank. 


2.    Complete  the  following  statements., 

a.  The  exchange  of  gases  across  a  semi r permeable  membrane  from  an  area  of  high 
concentration  is  called  ,  % 

b.  Internal  respiration  is'the  exchange  of  gases  between  the  

and   a 

c.  External  respiration  is  the  exchange  of  gases  between  the   

and   

d.  The  double  walled  membrane  which  surrounds  the  lunqs  is  called  the 
 membrane.  ^ 

e.  The  greater  the  amount  of  in  the  blood  the  faster  and 

harder  an  individual  breathes. 


J 
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SUMMARY 


THORACIC  CAVITY  -  Houses  the  respiratory  system  and  orotects  the  respiratory  and  cardio- 
vascular organs  such  as  the  lungs f  heart,  great  blood  vessels,  etc. 


BOUNDARIES  OF  THE  THORACIC  CAVITY 
Superiorly  -  first  rib  ,v 
Inferiorly  -  diaphragm 
Anteriorly  -  sternum 

Posteriorly  -  vertebrae  and  posterior  ribs 
Laterally  -  ribs 


MUSCLES  OF  THE  THORAX 

DIAPHRAGM  -  When  this f dome-shaped  muscle  contracts,  it  flattens  outT*Tncreasing 
the  capacity  of  the  lungs.  The  diaphragm  is  innervated  (activated) 
by  the  phrenic  nerve. 

INTERCOSTALS  -  There  are  ^ojsets^of^ these  muscles,  the  internal  and  the  external, 
which  lie  between  the  ribs  and  aid  in  respiration.    The  intercos- 
tals  are  criss-crossed,  with  one  set  running  in  and  down,  and  the 
other  out  and  up.    They  expand  the  chest  by  lifting  the  thorax  and 
are  innervated  by  the  12  pairs  of  dorsal  nerves  which  come  off  the 
thoracic  region  of  the  spinal  cord, 

T^pA^f!L^Ak.MsPkLs  -  There  are  three  muscles  which  may  bo  activated  durinq 

respiration.    Because  they  do  not  initiate  respiration, 
they  are  referred  to  as  topographical. 

1.    PECTORALIS  MAJOR  (BREAST  MUSCLE)  -  a  large  fan-shaped  muscle  which  is 

attached  to  the  humerus. 
Z.    PECTORALIS  MINOR  -  Ties  directly  beneath  the  pectoralis  major. 
3.    SERRATUS  ANTERIOR  -  lies  on  the  lateral  aspect  of  the  chest. 

17 


NO^E  -  In  the  nasal  cavity,  which  is  the  point  of  origin  of  the  respiratory  system,  the 
inspired  air  is  warmed,  filtered,  and  moistened. 

SEPTUM  -  Divides  the  nasal  cavity.    It  is  lined  with  a  highly  vascular  mucous 

membrane  that  secretes  a  thick,  viscous  ^u1d. 
CILIA  -  Fine  hairs  in  the  nasal  Cavity  which  filter  the  air. 


PARANASAL  SINUSES  -  Located  within  the  skull.    They  communicate  directly  with  the  nasal 
cavity  and  help  to  warm  and  moisten  the  Inspired  air. 


PHARYNX  (THROAT)  -  Air  moves  from  the  nose  down  into  the  pharynx.    It  1s,  divided  Into 
three  parts.    *  , 

NASOPHARYNX  -  Lies  behind  the  nose  and  above  the  level  of  the  soft  palate.  It 
contains  the  openings  for  the  Eustachian  tubes  which  connect  the 
middle  ears  with  the  throat. 

ORAL  PHARYNX  -Portion  of  the  pharynx  located  behind  the  mouth  and  extends  down 
to  the  level  of  the  hyoid  bone.   The  palatine  tonsils  are  found 
in  this  area. 

LARYNGEAL  PHARYNX  -  Lies  below  the  upper  edge  of  the  epiglottis  and  opens  into 
the  larynx  and  esophagus. 


LARYNX  (VOICE  BOX)  -  Made  up  of  nine  cartilages. 

EPIGLOTTIS  -  A  flap-like  structure  which  seals  off  the  air  passageway  while 
swallowing  food. 


GLOTTIS  -  A  slit-like  structure  which  is  located  deep  in  the  larynx.  f  Seals  off 

■  > 

the  air  passageway  when  a  person  holds  hfs  breath. 

18 
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THYROID  CARTILAGE  -  A  shj eld-shaped  cartilage  with  a  MV"  at  the  top  wh\ch  can  be 
palpated*    This  largest  cartilage  of  the  larynx  can  be  used  as 
a  landmark  in  radiographic  positioning  since  it  lies  at 
approximately  the  level  of  C-4,  ^  & 

CRICOID  -  The  most  inferior  cartilage  of  the  larynx  located  about  one-half  inch 
below  the  thyroid  cartilage.   The  cricothyroid  foramen  is  located 
between  the  cricoid  and  thyroid  cartilages.    It  can  be  used  as  a  site 
of  injection  for  a  brohchogram.  * 


TRACHEA  (WINDPIPE)  -  Locatecf  just  below  the  larynx  and  is  about  five  inches  long.    It  is 
~^  made  up  of  C-shaped  cartilages  which  open  posteriorly,  allowing  for 

expansion  when  food  is  swallowed.    The  trachea  bifurcates  when  it 
reaches  the  lungs. 

-     ■  ■        .  <v  • 

LUNGS  -  The  right  lung  has  three  lobes  and  the  left  lung  has  two  lobes.   The  lungs  are 
cone-shaped  and  at  birth  they  are  normally  pink  in  color. 

HILUM  -  Openinq  at  which  all  the  tubes  and  vessels  enter  the  lung, 
APEX  ( PLEURAL  APICES)  -  The  top  of  a  lung. 
BASE  -  The  lowest  part  of  a  lung. 

PRIMARY  BRONCHI  -  Through  the  left  and  right  primary  bronchi  air  enters  the  lungs, 
Foreign  bodies  are  more  TikeTy  to  enter  the  right  primary  b.rbn- 
chus  because  it  is  larger  and  more  vertical  than  the  left. 

SECONDARY  BRONCHI  -  Take  the  inspired  air  into  the  lobes  of  the  lungs. 
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TERTIARY  (THIR13)  BRONCHI  -  Passa^^Xwhich  take  the^nsp^J|r  Into  the  seg- 
ments of  tW  lobes.    Respiratory  structures  from  the 

xachea  to  the  tertiary  bronchi  are  made  upof  a  carti- 

*         f  ~  '.  <^ 

lage  or  carjtilagenous  rings  designed  to  keep  them  from 

collapsing  land  blocking  the  airway. 

J/ 

BRONCHIOLES  -  Air  passes  from  the  tertiary  bronchi  down  into  the  bronchioles 

which  are  made  up  of  smooth  muscle,  not  cartilage.    They  are  made 

* 

of  muscle  because  by  contracting  or  expanding,  they  control  the 
amount  of  air  which  enters  and  leaves  the  alveolar  sacs. 

ALVEOLAR  SACS  -  Are^groun  of  alveoli  which  are  the  functional  unfits  of  the  lungs 
where  the  actual  exchange  of  gases  takes  place  between  the  lunqs 
and  the  blood  stream.    A  single  alveoli  is  one  cell,  thick  and 
microscopic  in  size. 


PLEURAL  MEMBRANE  -  Covers  the  lungs  and  thoracic  cage  and  secretes  a  thin,  watery  fluid 
to  lubricate  the  lungs.    It  is  made  up  of  three  major  structures. 

PARIETAL  PLEURA  -  Lines  the  thoracic  cage  and  and  functions  as  a  seal  to  keep  air^ 
out  of  the  thoracic  cavity.    If  the  parietal  pleura  were  to  be 
punctured,  the  lungs  would  collapse. 

* 

VISCERAL  PLEURA  -  Surrounds  the  lungs  themselves  and  functions  to  keep  air 
within  them. 

-  '  i  . 

PLEURAL  CAVITY  -  Is  the  potential  space  between  the  parietal  and  visceral  pleurae 
and  contains  a  thin,  watery  fluid  which  lubricates  the  lungs. 
The  fluid  lubricates  the  pleura*  to  diminish  friction. 
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4  .  : 
RESPIRATOR*  SYSJEM  -  Function  is  to  supply  cells^with  oxygen  and  carry  off  carbon 

dioxide.  „  

^         ...  * 

RESPIRATION  -  This  termmay  be  used  to  describe' all  the  physiological  activities  con- 

.     *  «, 
cerned  with  the  consumption  of  oxygen  and  the  release  of  carbon  dioxide 

4 

,  ■  .  \ 

INSPJRATION  -"Commonly  called  inhalation  and  is  the  phase  of  respiration  when  air. 

enters  the  respiratory  system,    Inspiration  is  controlled  by  the  brain, 
specifically  the  medulla  oblongata,  and  by  the  amount  of  carbon 
dioxide  (C02)  in  the  blopd  stream. 

EXPIRATION  -  Phase  of  respiration,  al§o  controlled  by  the  brain,  where  the  lungs  are 

X 

deflated  and  C02  is  expired  from  the  body.  - 

EXTERNAL  RESPIRATION  -  Refers  to  the  exchange  of  gases  between  the  alveolar  sacs  and 
"        the  capillaries.    The  C02  goes  to  the  alveolar  sacs  while  the 
02  enters  the  bipod  stream.  This  process  is  called  diffusion, 

i  ■  i 

DIFFUSION  -  Process  by  which  the  exchange  of  gases  takes  place  through  a  semi- 
permeable membrane.    It  is  the  equalization  of  gases  as  they  move 
from  an  area  of  higher  concentration  to  an  art a  of  lower  concentra- 
tion. 

INTERNAL  RESPIRATION  -  Refers  to  the  exchange  of  gases  between  the  body  tissues  and 

the  capillaries.    The  C02  goes  to  the  capillaries  and  the  02 
to  the  body  cells.  This  is  also  accomplished  through  " 
diffusion. 

r 
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'PULMONARY  MEDICINE 
Gas  Exchange  and  Transportation 

1.  Explain  uniform  and,  non-uniform  alveolar  ventilation,  {See  p.  60-65 
of  The  Lung  by  Comroe,  et  al) . 

••'  • 
a,  ,  Uniform  ventilation. 


b.    Non-uniform  ventilation* 


2.    List  four  causes  of  uneven  ventilation, 
a.    Regional  changes  in  elasticity. 


b.    Regional  obstruction  (partial). 


c.    Regional  check  valves. 


5  ID 
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d.     Regional  disturbances  1n  expansion. 


3.  Delineate  the  effects  of  hypoventilation  of  the  whole  lung  and  uneven, 
ventilation  of  parts  of  the  lung. 

a.     Hypoventilation  of  whole  lung.  > 


b.     Uneven  ventilation  to  parts  of  1t. 


c.     Prolongs  Induction  period  for  Inhalation  anesthesia. 


4.   Explain  what  ventilation  blood  flows  are  and  the  five  different 

categories  of  ratios. 


Va   ^alvelor  ventilation  (L/M1n) 
~Tfc  =  pulmonary  capillary  blood  flow  (L/M1n) 

a.  General. 
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Types  of  categories,  * 
(1)    Uniform  ventilation  -  ufiifon*  blood  flow. 


(2.)    Uniform  ventilation  -  non-uniform  blood  flov. 


4 

(3)    Non-uniform  ventilation  -  uniform  blood  flow. 


(A)    Mon-uniform  ventilation  -  non*uniform  blood  flow,  uncompensated. 


(3)    Non-unifora  ventilation  -  non-uniform  blood  flow,  compensated. 


3 
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5.  Define  diffusion  and  list  the  factors  determining  diffusion  of  02  and 
co2  in  the  lung. 


a.  Definition. 


h.  Factors. 
(1) 

(2) 


(3) 


(A) 


(5) 


(6) 


(7) 
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6.  Describe  the  mechanism  by  which  Q2  and  CO^  are  exchanged  between  trhe 
lungs  and  the  blood.  * 


7.     Describe  how  0£  and  CC>2  transported  bj^  the  blood, 
a.    Oxyhemoglobin  dissociation  curve. 


b.    Blood  oxygen  saturation  factors. 

'  (i)  po2 


(2)  PH 


(3)  Teifiperature 


(4)    Type  of  Hemoglobin  (Hb) 


,  c.    Diffusion  of  CO. 
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Lung 


diffuses 


Blood 

0^  +  Hbw  02Hb  in  RBCs 


CO2 


diffuses  m 


**  HbC02  In  RBCs 


RBC 


CELL 


0 


8,  Describe  the  mechanism  by  which  02  and  CG2  are  exchanged  by  the  blood 
and  tissues,    (Student  will  study  drawing  above  copied  frow  blackboard). 


Sm    State  the  normal  valuos  for  blood  hemoglobin. 

14-17  gmZ  -  males 

12-15  gmZ  -  females 
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10.  List  the  physiologic  values  for  major  respiratory  gases  in  alveolar 
air,  venous  blood  and  arterial  blood. 

a.  Symbols. 
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b.    Venous  blood* 


c.    Alveolar  air. 


SUMMARY:  Uniform  ventilation  In  the  lungs  insures  complete  and  thorough 
resupply  of  oxygen  plus  adequate  removal  of  carbon  dioxide.  Non-uniform 
or  uneven  ventilation  can  lead  to  hypoxemia  and  respiratory  acidosis^. 

In  addition  to  good  lung  ventilation,  proper  blood  flow  is  required  to 
insure  the  blood  is  oxygenated  and  CO2  is  removed*  A  foul  up  in  blood 
flow  can  also  cause  hypoxia  and  acidosis. 

Diffusion  is  important  because  it  is  the  primary  mechanism  allowing 
exchange  and  transport  of  C02  and  Og,    Proper  diffusion  is  dependent  on 
pressure  gradients 9  solubility,  area,  distance  traveled,  molecular  weight 
of  the  diffusing  gas,  temperature  of  the  fluid  through  which  the  gas 
diffuses  and  the  nature  of  the  membrane  through  which  the  gas  diffuses. 

Oxygen  is  primarily  ^*^^Bued  in  combination  with  hemoglobin  in  the  red 
blood  cell.    The  araoui^^gpS^rgen  in  the  blood  can  be  altered  by  pC>2, 
temperature,  the  pH  ai«b^^e  of  hemoglobin.    COg  is  primarily  transported 
as  H2CO3  in  the  RBCs  and  the  plasma.    Hie  major  factor  allowing  diffusion 
of  both  O2  or  CO2  is  the  pressure  gradient. 
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School  of  Health  Care  Sciences.  USAF  (ATC)  June  1973 

Sheppard  Air  Force  Base,  Texas 

PULMONARY  MEDICINE 
CONTROL  OF  RESPIRATION  ' 

1.   Define  respiration  and  explain  the  function  of  the  human  respiratory 

system. 


2.  Delineate  the  parts  of  thj/humin  body  Involved  In  the  control  of  respi- 
ration. 
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3.  List  and  explain  the  functions  of  the  pneuaotexlc  center,  the  ameustlc 
center,  main  respiratory  center,  and  peripheral  cheaorecepters. 


V 


£3 


r 


27 
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4.  Differentiate  the  responses  of  the  peripheral  versus  the  central 
chemoreceptors  In  response  to  changes  InpH,  CO,,,  and  02. 


5.   Explain  how  the  Kerlng-Breuer  reflexes  work  to  effect  breathing. 


6.  Define  and  explain  the  following  types  of  breathing:  enpnea,  hypopnca, 
hyperpnea,  bradypnea,  tachypnea.  Blots,  Cheyne-Stokes,  apnea,  and  apneustlc. 
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Pulmonary  Medicine 
HYPERBARIC  AND  HYPOBARIC  PHYSIOLOGY 


1.  Explain  the  significance  of  barometric  prcssurn  to  the 
a  hypobaric  nnd  hyperbaric  condition. 


ALT  (M') 

PRESS  (mnHg) 

DEPTH  (FT) 

ATA 

inmHg 

100 

8  > 

Surface 

1 

760 

63 

47 

33 

l'52n 

50 

87 

66 

3 

2280 

18 

380 

99 

4 

3040 

10 
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132 

5 

3800 

SL 

760 

165 

6 

*• 

4560 

« 

1  ft.  oT 

sea  water  =  "0.445 

psig  or  23  mmHR 

1  psig  »  51.7  mrnllfc 
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2.    Explain  why  supplementary  oxygen  Is  needed  ahove  10,000  feet  altitude. 


Y  .  ' 

3.    Specify  the  principles  of,  how  oxygen  is  supplied  to  aviators  at 
altitude. 
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4.    Delineate  the  principles  of  Oxygen  High  Pressure  Therapv  (OHP). 


9 


5,    Explain  how  the  Goodman  Treatment  Tables  are  used  to  treat  specific 
disease  entities. 
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SUMMARY 

'    *  •  /  j 

Our  bodies  are  the  result  of  vears  of  development  In  **vol  nt  1 0n  un*?f*r  n 
pressure  of  14  PSI.    As  a  result,  It  doesn't  take  much  of  a  barometric 
pressure  change  to  reach  the  limits  of  our  adaptive  powers.    When  nrc^surr 
is  decreased  on  <mr  bodies,  this  is  called  the  hypobarlc  condition;  when 
pressure  is  increased  above  normal,  this  is  called  the  hyperbaric  con- s 
dition. 

As  man  ascends  to  altitude  breathing  air,  the  atmospheric  pressure 
decreases  and  so  does  the  partial  pressure  of  oxygen.    At  10,000  feet 
a  safe  minimum  ip  reached  in  which  the  alveolar  partial  pressure  of 
oxygen  is  60'mmHg  giving  87%  blood  oxygen  saturation.    To  keep  this  blood 
oxygen  saturation,  oxygen  regulators  supply  increasing  concentrations  of 
oxygen  as,  altitude, increases.    Above  40,000  feet,  1002  oxygen  is  supplied 
with  positive  pressure.    Above  50,000  feet,  pressure  suits  are lusfl. 

The  majority  of  the  oxygen  our  body  tissues  is  transported  by  the  hemo- 
globin of  the  red  blood  cells.    Very  little  oxygen  is  carried  in  the 
plasma;  however,  under  hyperbaric  conditions  Z.3  volumes  percent  of  oxygen 
can  be  carried  per  atmosphere  of  increased  pressure.    Besides  increasing* 
the  total  amount  of  oxygen  in  the  blood,  hyperbaric  therapv  (OHP)  can 
Increase  the  diffusion  distance  of  oxvgen  around  capillaries  i£  there  is 
good  blood  perfusion  of  tissues. 

.... 

The  Goodman  Treatment  Tables  are  used  to  treat  patients  in- hyperbaric 
chambers  for  such  conditions  as  decompression  sickness,  gas  gangrene, 
carbon  monoxide  poisoning,  air  embolisms,  emphysema,  open  heart  surgerv, 
and  cancer  (enhances  radiation  therapy). 
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RESPIRATORY  PHYSIOLOGY  -  PART  I 


1.  List  the  muscles  important  in  ventilation 

a.  Quiet  inspiration  % 

(1)  Scaleni 

(2)  Posterior  serrati 

(3)  Diaphragm 

b.  Deep  inspiration 

(1)  Sternomastoid 

(2)  All  of  above 

c.  Deep  expiration  -  muscles  of  abdominal  wall 

d.  Intercostal  muscles 

2.  Function  of  ventilation  muscles 

a.  Diaphragm  -  contracts,  increasing  depth  of  pleural  cavity. 

b.  Scaleni  and  posterior  serrati  -  contract  and  elevate  ribs, 
increasing  diameter  of  pleural  cavity. 

c.  Sternomastoid  -  contracts,  elevates  sternum,  and  increases 
diameter  of  pleural  cavity/ 

d.  Abdominal  muscles  -  pull  ribs  down,  decreasing  diameter,  and 
force  diaphragm  up. 

e.  Intercostal  muscles  -  maintain  rib  spacing  and  transmit  forces. 


This  SG  supersedes  SHO  3ALR91730  XII,  dated  May  1972 
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3,    Pleural  cavity  function 

a.  Volume  increases  and  pressure  faljs. 

b.  Subatmospheric  at  all  times. 

c.  Pleural  cavity  abosrbs  fluid  or  gas. 

4%  Inspiration 

a.  Muscles  contract. 

b.  Volume  increases. 

c.  Pressure  falls. 

d.  Lungs  expand  in  response  to  falling  pressur^. 

e.  Alveolar  volume  increases. 

f.  Pressure  falls  below  atmospheric,  and  air  rushes  in. 

5,  Expiration  reverses  this. 

6.  Parameters  of  pulmonary  function. 

a.  Tidal  volume,  volume  of  a  normal  breath.  (500cc.) 

(1)  350cc  goes  to^alveoli. 

(2)  150cc  ventilates  regions  where  no  gas  exchange  occurs,  thus 
this  I50cc  is  called  dead  space. 

b.  Inspiratory  reserve  volume  (3000cc) .    Additional  volume  inhaled 
after  a  normal  breath. 

c     Expiratory  reserve  volume  (llOOcc).    Additional  volume  exhaled 
after  a  normal  breath. 

d.  Residual  volume  (1200cc).    Amount  which  can't  be  I'orCvd  out  of  h 

e.  Vital  capacity  (4600cc) .    Total  gas  exchanged  in  one  maximal  breath. 


f .  Functional  residual  capacity.    Sum  of  residual  volume  and  expiratory 
reserve  volume. 

n      , .  Volume  increase 

g.  Compliance  »  —  ;  

Pressure  change 

(1)  Measure  "stiffness"  of  lungs.     (How  difficult  it  is  to  inflate 

lungs) 

(2)  Two  components  - ^lungs  and  chest  wall. 

h.  Airway  resistance 

Resistance  =    Atmospheric  Pressure  -  Alveolar  Pressure 

Flow  Rate 

(1)  FEVj^  =  Forced  Expiratory  Volume 

Amount of  vital capacity 
exhaled  in  one  second         x  lQQ  =  pEV 
Vital  capacity  1 

(2)  Percent  of  the  vital  capacity  exhaled  in  one  second. 
(J)    Measures  resistance;     70%  or  greater  is  normal. 

i.  Maximum  breathing  capacity  -  maximum  amount  of  air  a  patient  can 
exchange  per  minute. 

150-170  L/minute  =  normal 


7.     Energy  cost  of  breathing 

a.  Work  =  pressure  change  X  volume  change, 

b.  Work  a  measure  of  energy  expenditure: 

(1)  Expanding  chest  wall. 

(2)  Expanding  lungs. 

(3)  Moving  air  against  frictibnal  resistance. 

0 

c.  Any  disease  effecting  above  factors  may  increase  work  of  breathing 
(1)     Stiff  chest  wall  in  arthritis. 

3  I 
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(2)  Pulmonary  edema/f ibrosis . 

(3)  Bronchitis  or  other  factors  obstructing  airways  by  narrowing 

airways . 

•  «*> 
8.     List  the  components  of  the  CNS  respiratory  system, 
a.    Medullary  respiratory  center. 

(1)  Floor  of  4th  ventricle. 

(2)  Mixture  of  inspiratory  and  expiratory  neurons. 

(a)  Inspiratory  tonically  active. 

(b)  Expiratory  -  excited  by  peripheral  nervous  system, 

(J)    Alternate  activity  of  expiratory  and  inspiratory  neurons 
sets  basic  rhythmicity  of  breathing. 

(4)  Vagal  sensory  afferents  inhibit  the  inspiratory  neuron9. 

♦(a)    When  lungs  are  stretched,  stretch  receptors  fire  and 
inhibit  inspiratory  neurons. 

(b)    Termed  Herring-Breuer  reflex. 

(5)  Pneumotaxic  center  inhibits  inspiratory  neurons. 


9.    Describe  humoral  regulation 

a.  Chemosensitive  regions  in  brainstem  respond  to  increased  hydrogen 
ion    by  increasing  the  rate  and  depth  of  ventilation. 

b.  Carotid,  aortic  bodies  respond  to  falls  in  pC^,  increases  in  pCO£ 
or  falls  in  pH  by  stimulating  the  medullary  respiratory  center  to  increase 
the  rate  and  depth  of  ventilation. 

c.  Medulla  mechanism  of  response  to  CO2 . 

(1)  CO2  crosses  blood  brain  barrier. 

(2)  Hydrogen, and  bicarbonate  DO  NOT. 


ERLC 


(3)  Carbonic  anhydrase  in  brain  converts  CO2  to  hydrogen  ion  and 
bicarbonate  ion. 

(4)  This  increased  hydrogen  ion  concentration  then  stimulates  the 
medullary  chemoreceptors  to  increase  the  rate  and  depth  of  ventilation. 


1 
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RESPIRATORY  PHYSIOLOGY  -  PART  II 


OBJECTIVES 

Using  a  segmental/  lung,  student  will  identify  the  physiology  of  the  lunqs  and 
respiratory  system. 

INTRODUCTION 

An  understanding  of  respiratory  physiology  is  essential  in  the  diagnosis  and  treat- 
ment of  lung  disorders. 

INFORMATION 

1.     Describe  the  anatomy  of  the  pleural  cavity 

a.  Definition  -  the  pleural  cavities  are  the  cavities  in  which  the  lungs  rest. 

(1)  Right  pleural  cavity  contains  the  right  lung: 

(2)  Left  pleural  cavity  contains  the  left  lung. 

b.  Effectively  "airtight,"  the  pressure  inside  is  subatmospheric. 

(1)  Isolated  from  outside  air. 

(2)  Separated  from  air  inside  the  lungs. 

c.  Line  by  parietal  pleura. 

(1)    Thin  membrane  composed  of  one  layer  of  flattened  mesothelial  cells,  and 
connective  tissue. 


d. 


Roundaries 


(2)    Pair  sensitive  nerve  endings  are  present. 


(1) 


Floor  is  formed  by  the  dome-shaped  diaphragm. 


(2) 


Roof  is  formed  by  skin  and  connective  tissue. 


(3) 


Posterior  is  formed  by  ribs  and  vertebrae. 


(4) 


Anterior  is  formed  by  sternum  and  ribs. 


(a)    Sternum  composed  of  manubrium  and  sternum  proper. 


(b)    Hinge  joint  between  manubrium  and  sternum  which  moves  inducing  breathing. 


(5) 


Medial  borders  formed  by  the  mediastinum. 


(6) 


Lateral  borders  formed  by  ribs. 
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2.     Describe  the  construction  of  the  lungs. 

a.  Composed  of  alveoli  mainly. 

(1)  Plastic,  stretch,  and  shrink 

(2)  Thin,  a  single  cell  layer  thick. 

(3)  Surrounded  by  capillaries. 

(4)  Lined  by  a  thin   fluid  layer,  Otherwise  they  are  dry. 

b.  Alveoli  are  in  contact  with  the  atmosphere,  throufa  a  system  of  tubes. 

(1)  Through  a  network  of  bronchioles,  brffhchi,  trJbhea,  larynx,  nose,  and  mouth. 

(2)  NOT  in  continuity  with  the  pleural  cafvity.  / 

c.  tGas  exchanqe  between  the  lungs  «nd  the  bioo^pwoirs  in  the  functional  unit  called 
the  respiratory  lobule\  It  is  composed  of  the  fol Towing: 

(1)  Respirator^  bronchioles  -  walls  contain  a  few  alveoli. 

(2)  Alveol arrets  -  walls  lined  by  alveoli. 

(3*)    Alveolar  sacs     regions  into  which  many  alveoli  empty. 

(4)    Terminal  bronchiole  -  note  that  no  gas  exchange  occurs  in  this  structure. 

d.  Nerves 

(!)    Elements  of  the  sympathetic  nervous  system  reach  the  lungs. 
(2)    No  pain  fibers  innervate  lung  parenchyma  or  visceral  pleura. 

e.  Divided  into  lobes  -  three  right,  two  left. 

f.  Covered  by  visceral  pleura. 

(1)  Identical  to  pariental  pleura  except  it  has  no  pain  fibers. 

(2)  Visceral  and  parietal  pleura  are  continuous  with  one  another  at  the  hilum 
of  the  lungs.  The  space  between  the  visceral  and  parietal  pleura  is  termed  the  pleural 
or  intrapleural  space. 


9 
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Department  of  Medicine  SW  3ALR91630-II-5 

School  of  Health  Care  Sciences,  USAF  April  1^75 

Sheppard  A1r  Force  Base,  Texas 

GAS  LAWS  1 

OBJECTIVES 

a.  Using  slide  rule  and  calculator,  student  will  solve  problems  in  the  lungs  by  uslno 
gas  laws. 

b.  Student  will  use  pertinent  laws  for  particular  lung  problems. 
INTRODUCTION 

A  basic  understanding  of  Gas  Laws  is  essential  to  the  operation  of  a  pulmonary  lab. 
The  solving  of  these  problems  1s  most  often  the  deference  1n  good  and  poor  treatment  of 
patients  wit^  lung  problems. 

INFORMATION 

1.    Define  barometric  pressure  and  explain  how  it  1s  produced  and  measured. 


2.    Explain  what  is  meant  by  partial  pressure. 


3.  Define  the  term  temperature  and  be  able  to  express  It  in  degrees  absolute,  degrees 
fahrenheit,  and  degrees  centigrade  (Celsius). 


This  supersedes  SW  3ALR91630-II-4,  July  73 
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4.  Without  jceffcrence,  convert  the  temperature  from  one  scale  to  another  using  the  fahren- 
helt,  centigrade,  and  Kelvin  scales. 


5,  Without  reference,  explain  what  Avagadro's  Law  and  Number  are  and  how  they  apply  to 
gases. 


Element  or  Compound 

Sy4ol 

At.UC. 

Foraule 

Molec  Wt. 

Oxygen  ^ 

Carbon 

Cerbon  Dioxide 

Nitrogen 

Keliua 

6,    Without  reference,  define  Dalton's  Law  and  apply  1t  to  problems  dealing  with  respiration. 
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7.    Without  reference,  define  Boyle's  Law  and  apply  1t  to  problems  in  respiration. 

\ 


O  ■ 
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8.  Without  reference,  define  Henry's  Law  and  Graham's  Law  then  apply  these  laws  to 
respiratory  diffusion, 

a.  Definitions 


'       .  r 

b.  Solubility  coefficient. 

SCs  for  major  gases  {solubility  in  water  at  37*  C.  a/d  760  mmHg.) 
Nitrogen  (N2)  -  0.012 
Oxygen  (02)     -  0,024  ^ 
Hydrogen  (H2)  -  0,016 
Carbon  Dioxide  (C02)  -  0.592 
Carbon  Monoxide  (CO)  -  0.018 

c.  Comparing  the  diffusing  capacity  of  one  gat  to  another. 


d.    Clinjcal  relevancy. 


/ 

\ 
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9.    Without  reference,  define  Charles'  Law  and  apply  1t  to  problems  1n  respiration. 

V 


10.    Without  reference,  define  Gay-Lussac's  Law  and  apply  1t  1n  solving  a  problem. 


11.  Without  re/erencei  solve  a  problem  using  a  combination  of  Charles'  Law,  Gay-Luss,at 
Law,  and  Boyle's  Law. 


12.  Without  reference,  define  ATPS,  BTPS,  and  STPD;  then  solve  a  problem  requirinq  con 
version  of  a  given  volume  under  specified  conditions  to  ATPS,  BTPS,  and  STPD. 

a.   ATPS  -  ambfent  temperature  and  pressure  saturated  with  water  vapor. 


b.    BTPS  -  body  temperature  and  pressure  saturated  with  water  vapor. 


c.    STPD  -  standard  temperature  and  pressure  dry  (0  C,  760  nmHg.) 


VSTPD  =  vl  x  273      X   pB  ~  pH?0 
T+273  760 
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13.    Gas  Laws  Problems 

a.    Convert  98.6°  F.  to  centigrade. 


b.    Convert  your  answer  1n  question  1  to  A0. 


c.    Convert  70°  F.  Into  A0.  & 


d.    Convert  10°  C.  to  F°. 


e.   Given  the  following  Information  in  the~  table,  fill  1n  the  missing  Information. 


Element  or  Compound  Symbols        Atomic  Wt.         Formula        rolecular  Wt 

Water 

Carbon  Monoxide  • 


Methane 


Nitrous  Oxide 


f.  Calculate  the  densities  of  1  mole  of  the  followlnq  mexture  of  qases  at  STP: 
95%  02  +  5%  H20  =   gms/L 

100%  02  a  gms/L 

95%  02  +  5%  C02  *    gms/L 

g.  In  a  gas  cylinder,  the  pressure  reads  2200ps1g.,  This  cylinder  contains  a  952  0 
and  5%  C02  mixture.    What  1s  the  P02  and  the  PC02? 

J  ■ 
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h.   A  patient  has  just  exhaled  1nt©  a  spirometer.   After  exhalation,  the  shdnge  of 
volume  1n  the  spirometer  is  4.0  liters.   The  temperature  of  the  gas  tinder  the  bell  is 
25°  C.  and  is  saturated  with  water  vapor.   The  temperature  of  the  body  is  37°  C.  and  sat- 
urated with  water  vapor.    Barometric  pressure  1s  750  mmHg.    (pH*0  at  25°  C,  is  24  mnHq; 
pH20  at  37°  C.  is  47  mmHg).   Correct  the  volume  in  the  bell  to  BTPS.V 


1.  Three  (3)  liters  of  exhalation  was  collected  in  a  spirometer  at  30°  C.  (pH?0 
30  mmHg)  and  755  nrnHg.    Correct  the  volume  to  ATPS,  BTPS,  and  STPD. 


14.    Gu  hm  Formula* 

a.  Dal  ton's  Law  •  Px  •  Pi  +  P2  +  P,  •  ■»  •  •  •  • 

VI       P2  » 

b.  Boy  IV.  Law  -  —  »   vipl  »  V-P, 

V2  Px 

V2  "  »l  _£L_ 
•F  -  <C#  X  1.8)  +  32 


•C  -  (f*  -  32)  X  0.556 
•K  or  #A  •  C#  +  273 
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v2         .  p 
v2 


c.    Diffusing  Capacity  D  - 

C 


V  aolac  Wt 

d.    Graham1  ■  Law 


e.    Diffuaing  through  a  liquid        D    «    sol,  coaf. 


V  Solac  vt. 


D>r     ,  (Sol  Co  J  (\/aol  wt  ,y) 
f,    Coaparing  Diffusion  Capacities    Dy  *  1 

(Sol  .Co  y)  (s/  mol  wt  x) 


Vi  T, 

XT2    -V2Tl       V2-^  V 

2       *2  Tl  1 


vl  Al 

g.    Charlaa11  Lav  -  —  -  *"* 

V        T  AX         "A  *t 


Pl      Tl  T2 

h.    Gay-Luaaac*s  Lav  -  —  -  — i  p  x2  -  P    T        P    ■  P    X  — 

oP2     T2  1          21         2       1  T^ 
TP 

1.    Conciliation  •  V2  ■  V1  X  T  X  P 

273  -  pu00 

j.    STPD  -  VSTpD    -    Vl    X    T+273       X   — 

760 


k.    ATPS  -  Vaips  -  Vl   2- 

PB 

1.    BTPS  -  VBTps.  «  VX    X     PB  I  PH2°       Xl  TAMD 


PB  *  PH2°  T 


BODY 
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School  of  Health  Care  Sciences,  USAF  %  April  1975 

Sheppard  A1r  Force  Base*  Texas 

BASIC  MATHEMATICS  -  FRACTIONS 

OBJECTIVES 

T.    Define  a  fraction. 

2.  Identify  the  two  parts  of  a  given  fraction  and  explain  what  each  part  shows. 

3.  Identify  proper  fractions,  Improper  fractions,  and  mixed  numbers  from  a  given  list. 

4.  Change  a  given  list* of  improper  fractions  to  mi xed* numbers  and  mixed  numbers  to  im- 
proper fractions. 

5.  Reduce  a  11st  of  fractions  to  their  lowest  terms. 

i 

6.  Solve  problems  in  addition  and  subtraction  of  fractions.    Answers  must  be  Jn  lowest 
terms.  * 

?•    Solve  problems  1n  multiplication  of  fractions,  cancelling  where  applicable.  Answers 
must  be  1n  lowest  terms. 

8.    Solve  problems  1n  division  of  fractions,  cancelling  where  applicable.    Answers  must 
be  in  lowest  terms. 

NAME   ^ 

CLASS   

INTRODUCTION 

In  Pulmonary  Medicine  the  solving  of  Gas  Laws  is  often  quite  complex.    By  learning 
fractions,  the  complex  problems  are  made  easier. 

INSTRUCTIONS 

1.  This  is  not.a  test.   This  1s  a  learning  situation.    In  this  Programmed  Lesson  on  frac- 
tions, you  will  be  learning  at  your  own  speed. 

2.  Two  types  of  programing  are  used  in  this  lesson: 

a.  LINEAR  -  In  this  portion,  you  will  go  from  frame  to  frame  using  a  provided 
cardboard  to  cover  upcoming  frames  and  answers.    In- each  frame,  you  are  given  information 
and  then  a  question  to  answer  or  a  problem  to  solve.    Your  answer  can  be  checked  at  the  - 
bottom  of  each  question.    ^Peeking"  is  not  an  advantage.    If  you  make  an  error,  strike  outr 
your  incorrect  answer,  reread  the  frame,  and  write  the  correct  answer. 

* 

b.  SCRAMBLED  -  In  this  portion,  you  will  be  given  problems  to  solve  and  asked  to 
select  the  answer  from  a  list  of  answers.    Circle  the  answer  you  choose  and  go  to  the 
page  as  your  answer  directs.   Follow  directions  closely.    If  you  select  an  incorrect 
answer,  do  not  erase,  but  put  an  "X"  through  the  circle.    Rework  the  problem  again  and 
circle  another  answer. 

3.  READ  ALL  INFORMATION  CAREFULLY.  BE  SURE  YOU  UNDERSTAND  WHAT  IS  SAID  BEFORE  YOU  TRY  TO 
ANSWER  THE  QUESTION.    If  you  wish,  you  may  turn  back  1n  the  program  for  review  at  any  time. 

This  supersedes  PT  3ALR91630-I-5u(1),  July  1973 


INFORMATION 

1.  A  fraction  is  a  part  of  a  whole.    3/4  is  a  fraction  and  therefore  is  a  part  of  a 
/  /  /  7\7  TTTTTl  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  ' I  I  I  I  I  I  I  I  I  I  I  I  I  i 
whole 

2.  Part  of  a  whole  is  the  definition  of  a 


I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  i 

0 

fraction 


3.    The  definition  of  a  fraction  is  stated  as:   \  of  a 


I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 
part  whole 

■V  :  ;  

4.  Define  a  fraction. 

1  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 
part  of  a  whole 

 :  "  ^  '  Y"^  ~ 

5.  Fractions  have  £wo  parts  -  a  numerator  {above  the  line)  and  a  denominator  (below  the 
line). 

*  Example:   %  '  numerator  • 
8  -  denominator 

2 

In  the  fraction  7  >  the  number  5  below  the  line  is  the  ;         and  the  number 

2  above  the  line  is  the  . 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 

denominator 
numerator 

.  i  

'  -  U    2         11  J 

6.  All  fractions  have  denominators  and  numerators.    In  the  fractions  j  and       /he  3 
and  12  are  and  the  2  and  11  are   * 

I  I  I  I  I  I  I  I  I  I  I  I  I  II  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 

denominators 

numerators 


2 
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Wrong!    12  x  3  23  36,  but  you  must  now  do  step  2.    Add  this  product  (36)  to  the  numerator; 
retain  the  denominator  to  get  the  Improper  fraction.    Go  back  to  page    ,  Frame     ,  and  select  an 
select  another  answer. 


3B 


Nope!    You  will  still  have  to  go  to  lower  terms*    You  reduced  by  dividing  two  into  the 
numerator  and  denominator  but  you  must  now  find  a  number  tcrfurther  reduce  21/27  and 
then  you1!!  have  it.    Return  to  page  7F ,  select  the  other  answer,  and  continue. 


3C 

2/5  1s  the  correct  answer. 

Now  try  another  problem.    3/8  -  2/3  ■ 


If  your  answer  is:  Go  to  page: 
1/4  "  9E 
4  or  4/1  13C 
9/16  13F 


3D 

Wrong!    Multiplication  and  addition  are  correct  but  you  msut  place  this  sum  over  the 
denominator  of  the  fraction.    Return  to  page  12,  Frame  29  t  and  select  another  answer. 

3E 

Right!    Now  try  this.    Reduce  14/56  to  its  lowest  term. 

If  your  answer  1s:^  Go  to  page: 

1/4  5B 
7/28  50 

3F 

No!    Yqu  forgot  to  obtain  the  reciprocal  of  the  divisor  (invert  the  divisor) ,  before  you 
multiplied.   Go  back  to  page  12,  frame  29;  review  the  procedure  again,  then  rework  the 
problem  from  frame     again  and  select  the  correct  answer. 

 i 


5 
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7.    The  denominator  tells  how  many  equal  parts  the  whole  has  been  divided  into.    In  the 
fraction^,  the  denominator  indicates  the  whole  has  been  divided  into  equal  parts. 

I  I  I  I  I  I  I  I  I  I  I  I  1 1  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 
10 


8.  Under  the  figures  below,  write  the  number  that  would  be  used  as  the  denominator  of 
a  fraction: 


c. 


d. 


I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 

a.  4 

b.  2 

c.  3  .<** 

d.  4 


( 


9.    In  the  fraction  below,  circle  the  denominator  and  explain  what  it  indicates. 


15 
T6" 


I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 
16  denominator       Tells  (indicates)  how  many  parts  the  whole  has  been  divided  Into.  * 

10.    The  numerator  (number  above  the  line)  of  ,  fraction  shows  "how  many  parts  of  the 

whole  are  being  considered."    In  the  fraction  4,  the  numerator  indicates  that   parts 

of  the  whole  are  being  considered  and  the  denominator  indicates  that  the  whole~RaT  divided 
into  equal  parts.  , 

I  I  I  I  I  I  I  I  I  h  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 

2 

3 
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11.  In  the  fraction  +f»  the  number  of  parts  being  considered  is 
of  the  fraction  that  tells  us  this  is  called  the 


and  the  part 


I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 
13 

numerator  *" 


nfc       .  .  '  55 


5A 

Correct.    Now  changeM5  1/5  to  an  Improper  fraction. 

If  your  answer  is:  Go  to  page:  * 

76/5  SC 
75/5  V,  5E 

5B 

Good!  You  might  have  started  with  dividing  by  two  (2)  and  doing  several  steps,  but  14 
divides  into  14  and  56  evenTy.  To  reduce  an  Improper  fraction  such  as  8/4  or  9/5,  you 
simply  divide  the  denominator  into  the  numerator.    Reduce  9/5  into  its  lowest  terms. 

If  your  answer  1s:  Go  to  page: 

9/5  5F 

1  4/5  7B 


5C 


Right!  76/5  1s  correct.  You  can  check  your  answers  by  changing  the  Improper  fraction 
back  to  the  mixed  nuntoer.    Change  7  1/4  to  an  Improper  fraction  and  check  your  answer. 

7  1/4?=    = 

(Improper  fraction)                   (mixed  number) 
Go  to  page  14,  frame  30,  check  your  anSwer  and  continue  from  there.   *■  

5D 

You  reduced  -  but  not  to  the  lowest  terms.    Return  to  page  3E  and  find  the  number  that 
will  reduce  the  7/28  and  then  you'll  have  the  correct  answer  that  will  allow  you  to 
continue.  , 

 V  

5E  ■        ■  . 

Wrong!    You  forgot  to  add  the  numerator  to  the  product  of  the  whole  number  dimes  the 
denominator.    If  you  now  see  your  error»  go  back  to  page  5A  and  select  the  oWier  answer 
and  follow  directions.    If  you  need  the  rule  again,  return  to  page  12,  Frame  ^8,  and  start 
again  from  there. 

■   ,  ;  \ 

5F 

No.  .  .    To  reduce  an  Improper  fraction,  you  simply  change  it  to  a  whole  number  or  to  a 
whole  number  and  a  fraction  (mixed  number)  by  dividing  the  numerator  by  the  denominator. 
Now  go  back  to  page  5B  and  reduce  properly. 


5G      ■  * 

Negative.    You  have  simply  added  numerators,  retained  highest  denominator,  and  reduced. 
You  must  change  to  equivalent  fractions.    Reread  rule  on  .page  16,  Frame  39,  and  rework 
problem  from  page  18,  Frame  43,  again. 

5  r~     y,  . 

o  ;>  j 


12.    The  number  of  parts  being  considered  is  indicated  by  the 


of  a  fraction. 


I  I  I  !  I  I  I  1  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 
numerator  * 

13.  Under  the  figures  below,  write  the  fractions.  The  number  of  parts  being  considered 
are  shaded 


a. 


b. 


c. 


1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  r«i  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

a.    1       b.    3      c.  2      d.  1 

3  4  3  4  , 


14.    In  the  fraction  below,  write  what  each  number  1s  called  and  what  1t  indicates:  6 

7 


6  - 

7  ■> 


1  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  1  I  I  I  I  I  I  I  I  I  I  I  *  I 

6  numerator,  Indicates  how  many  parts  of  the  whole  are  being  considered. 

7  denominator,  indicates  how  many  equal  parts  the  whole  has  been  divided  into. 


15.    There  are  three  types  of  conmon  fractions  -  proper,  improper,  and  mixed  numbers. 

The  three  types  of  conmon  fractions  are  mixed  numbers,   and  

fractions. 


I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 
proper  " 
improper 
(either  order) 

16.    The  difference  betweeh  proper  and  improper  fractions  is  the  size  of  the  numerator. 
The  numerator  of  an  improper  fraction  is  always  the  same  as  or  larger  than  the  denominator; 
therefoj^,  in  a  proper  fraction,  the  numerator  is  than  the  denominator. 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  J  I  I  I  I  I  I 
smaller  „ 
(less  than)' 


6  - 
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ELiiJ       be.redu«d  to  1/2  by  dividing  two  (2)  Into  both  the  numerator  and  denominator. 

S^S^S  tS!ei^Ir!Ct1°n,1s,1J  !5S  lwest  terms  on1*  wnen  tne  nun,ber  one  (D  is  ?he 
14  V.  tnat.d1v^d«  fvenly  Into  both  the  numerator  and  denominator.    Return  to  page 

"4,  Frame  31,  and  select  the  correct  answer.  M  a 


7B 


1  4(5  iS  correct'  If  we  ?sk  y°u  t0  reduce  the  fraction  8/4,  would  you  answer  2'  You 
the  program       "         there'to0'    Now  turn  10  toP  of  P*9e       Frame  32,  <,„d  continue. 


7C  X 

No.  You've  added  numerators  but  have  not  changed  fractions  to  equivalent  fractions.  Read 
rule  again  on  page  17,  Frame  40,  then  rework  problem  on  page  17,  Frame  43.  Select  another 
answer  • 

70  ^  ' 


?T9i  -I'lS™      j"rther  reduced.   Three  (3)  1s  the  largest  number  that  divides  evenly 
into  both  the  numerator  (6)  and  the  denominator  (9).    6/9,  then,  reduced  to  lowest  possible 
terms,  ls^/3-:— -Now  return  to  page  14,  Frame  32,.  and  select  the  correct  answer. 

7E 

Right!    1  1/4  Is  the  correct  answer.   Try  another,  reduce  to  lowest  terms. 

Add  1/2  +  1/2  +  4/5  +  3/20  -   

If  your  answer  Is:  Go  to  page: 

1  9/10  go 

1  19/20  9G 

7F 

3/7  is  correct.    One  (1)  is  the  only  number  that  divides  evenly  into  both  3  and  7 
Let's  try  a  larger  fraction.   Reduce  42/54  to  its  lowest  terms. 

Go  to  page:  / 
3B 
3E 


0  < 


17.    |  is  a  proper  fraction  because  the  £  is   than  the 

denominator, 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 

numerator 

smaller  |<less) 

 t  

"   and  %  are  Improper  fractions  because  the   «*,  are  


~&  f  and  f  are  improper  fractions  beca 
than  the  denominators.  >^ 
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I  I  I  I  I  I  I  I  I  hi  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  l-f  I  I  I  I  I  I  I  I  I  I  I  I  I  I 
/  numerators 

are  same  as  or  greater  (are  the  same  as  or  larger) 

1^    In  the  list  below,  place  a  "P"  by  the  proper  fractions  and  "I"  by  the  improper 
fractions, 

a.    12                 b.    9  c.    4                     d.    12  X. 

T7                   7  S  T7 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  hi  I  I  I  I  I  I  I  I  I  I  I  I  1 1 

20.  A  mixed  number  is  a  whole  number  combined  with  a  proper  fraction,    3  5/6  is  a  whole 
number  (3)  and  a  proper  fraction  (5)/(6);    therefore,  3  5/6  is  a   \  _. 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 

a.  P     b,  I     c.    P     d.  I 

21,  To  review  definitions,  match  the  following  types  of  fractions  with  the  correct 
statement  or  statements  by  writing  the  letter  of  the  statement  by  the  number  of  the 
fraction.    All  letters  are  to  be  used, 

1.  Proper-Fraction   a  A.    Numerator  greater  than  the  denominator 

2.  Mixed  number  B.    Numerator  less  than  the  denominator 

r 

3.  Improper  fraction ,  C.    Whole  number  and  a  proper  fraction 

£  V  ' 

^       D.    Numerator  equal  to  denominator 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 

b'.  1. 

C.  2. 

D,  A  3. 


V) 
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No.  Not  quite.  Your  addition  1s  correct  but  you  must  have  overlooked  the  "reduce  answers 
to  lowest  terms."    Go  back  to  page  18,  Frame  43,  reduce,  and  pick  the  correct  answer. 


9B 


6/15  1s  wrong.    You  borrowed  one  (1)  from  16,  which  gave  you  the  fraction  15/15,  but  now 
you  must  add  15/15  +  8/15,  then  do  your  subtraction.    Return  to  page  9F,  rework  the  * 
problem,  and  select  another  answer. 


9C 

You  have  the  correct  fraction  but  made  a  mistake  1n  the  addition  of  whole  numbers.  Now 
return -to  page  11C  and  work  the  problem  again. «  Do  not  just  pick  the  other  answer  without 
first  reworking  the  problem  to  find  your  error. 


9D 

Incorrect.    You've  made  a  mistake  someplace  i\  changing  fractions  to  equivalent  fractions 
of  the  same  denominator.    Return  to  page  16,  frame  39,  reread  the  rule,  then  go  back  to  page 
7E  and  choose  the  other  answer. 

<  :     ''  :  5 — ■  

1/4  1s  wrong.    You  did  not  obtain  the  reciprocal  of  the  divisor.    2/3  inverted  is  3/2  and 
the  reciprocal  of  2/3  is  also  3/2.    Go  back  to  page  3C,  rework  the  problem,' and  select  the 
correct  answer. 


v  9F 


Very  good.  Work  the  following  problem  by  subtracting  mixed  numbers.  Reduce  to  lowest 
term.    16  8/15 J  15  3/5  »  . 

I  If  your  answer  is: 


1  14/15  ' 
14/15 
6/15 
can't  be  solved 


9G 

Good.  1  19/20  is  correct.  Now  try  one  on  subtraction  and  reduce  answer  td  lowest  terms. 
4/13  -  3/39  ■  . 

If  your  answer  1s:  Go  to  page: 

3/13  °  11c 


3/39  15E 

9    DO  J 


22.  In  the  11st  below,  place  a  "P"  by  the  proper  fractions,  an  "I"  by  the  improper  frac- 
tions, and  an  "M"  by  the  mixed  numbers. 

a.  3  1/2  e.  22/29 

b.  9/5  f.  7/7 

c.  12  2/3  g.  79/75 

d.  3/4 

I  I  I  I  It  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 
a.  M   b.  I    c.  M   d.  P   e.  P   f.  I    gj,  I 

23.  An  Improper  fraction  can  be  changed  to  a  mixed  number  by  dividing  the  denominator  into 
the  numerator.    The  fraction  21/10  can  be  changed  to  a  mixed  number  by  dividing  the  numerato 

_  by  the  denominator. 

1=3   (number)  (number) 

I  I  I  I  I  I  I  I  I  I  I  I  I  II  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  i  \ 

21 

10 

24.  To  change  the  improper  fraction  21/10  to  a  mixed  number,  follow  two  steps:  (1)  Divide 
the  numerator  by  the  denominator  to  get  the  whole  number: 

2   the  whole  number 

10/2T  \ 
20 

"T  the  remainder 

(2)    Place  the  remainder  over  the  denominator  to  get  the  proper  fraction:    1/10  the  proper 
fraction. 

Then  21/10  ■' 

(mixed  number) 

1  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  ]  I  I  I  I  I  I  I  I  I  I  I 

2  1/10 

25.  Now  change  the  improper  fraction  26/5  to  a  mixed  number.    Show  your  work. 

1 1  


(mixed  number) 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I )l  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 
5 

m 

25  5  1/5 

T  (mixed  number) 


10 


580 


S/2. 
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No.    6  29/36  1s  Incorrect.   Again  you  forgot  to  Invert  the  divisor.    The  divisor  1  1/6 
is  changed  to  7/6  and  inverted  is  6/7.    Now  go  back  to  page  l3Fand  select  another  answer. 

You've  forgotten  the  rule  on  borrowing.    16  8/15  =  16  8/15  =  15  23/15 

-  15  3/5   =  15  9/15  =  15  9/15 


You  cannot  subtract  9/15  fromfB/15,  so  you  have  to  borrow  a  whole  number  (1).    1=  15/15 
which  you  now  add  to  the  8/15.    Don't  forget  now  that  you  borrowed  a  whole  number  from  16 
Go  back  to  page  9F  ,    Rework  the  problem  and  select  the  correct  answer. 

11C 

Good.    Now  for  the  rule  for  adding  and  subtracting  mixed  numbers: 

1.    Change  fractions  to  like  fractions  (LCDl.    2.   Add/subtract  the  fractions.    3.  Add/ 
subtract  the  whole  numbers.    4.    Reduce  answers  to  lowest  terms.    Example-    1  1/3  + 
3  11/12  and  7  1/2-4  1/5.  ' 

1V3      =      1  4/12  7  1/2      =      7  5/10 

+  3  11/12   *      3  11/12  .  4  1/5      =      4  2/10 

4  15/12  =  4+1  3/12  =  5  1/4  3  3/10 

Now  add  these  fractions:    7  1/9  +  65/8  +  1/6=         ■  . 

If  your  answer  is:  Go  to  page: 

14  5/9  -  gC 

13  5/9  gp 

 :  ;  ,  {_  

11D  ' 

1 

Very  good.    The  idea  here  was  to  see  if  you  remember  how  tomorrow.    Solve  the  addition 
and  subtraction  problems  below.   Answers  must  be  1n  lowest  terms. 

a.  1/2T  +  4/7  +  2/3  =   '  - 

b.  3  3/8-2  1/4  = 

c.  111/8  +  1  3/16  +  1/2  +  3/4  = 

d.  14  1/6  -  12  5/12  = 

Go  to  page  19,  Frame  44,  to  check  answers  and  continue  from  there. 


11  56i 


2£.    Try  another.    Change  54/11  to  a  mixed  number. 


I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  j  I  I  I  I  I  I  I  I  I  I  I  I 
4  10/11  —  If  you  missed  this  one,  reread  and  rework  Frames  22  through  26,  then  continue. 

27.  An  improper  fraction  can  be 'changed  to  a  mixed  number.    So  can  a  mixed  number  be 
changed  to  fan  improper  fraction.    Therefore,  an  improper  fraction  is  interchangeable  with 
a  number. 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  J  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 
mi  xed 

28.  Changing. mixed  numbers  to  Improper  fractions  requires  three  steps:  Example:  Change 
4  3/5  to  an  improper  fraction. 

(1)  Multiply  the  whole  number  by  the  denominator  of  the  fraction.    4  x  5  =  20 

(2)  Add  the  product  to  the  numerator.    20  +  3  =  23. 

(3)  Place  the  sum  over  the  denominator  of  the  fraction. 

Then  4  3/5  =   ^ 

(improper  fraction) 

I  I  I  I  !  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 
23/5 

29.  Change  12  2/3  to  an  improper  fraction. 

If  your  answer  is:  Go  to  page: 

36/3  .  3A 

38/2  3D 
38/3  5A , 

If  you  came  to  this  frame  directly  from  the  previous  frame,  you  have  not  followed 
the  directions  given  in  the  previous  frame.    From  thlsfrrint  (unless  otherwise  directed) 
in  the  lesson,  you  will  proceed  by  the  scrambled  method.    Do  Not  read  the  frames  in 
sequence,  but  after  selecting  an  answer*  refer  to  the  proper  page  or  frame  as  directed. 
Return  to  page     ,  Frame     ,  check  your  answer,  and  refer  to  the  page  as  directed. 


/ 


12 
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5  1s  the  correct  answer.    Try  one  more.     5  4/7*3- 

If  your  answer  1s:  *'  Go  to  page: 

<  1  6/7      "  *    ■  15B 
16  5/7     <  /  15C 

13/7  .  •  13E 

13B 

#ot  quite.    35/7  1s  an  Improper  fraction  and  for  the  answer  to  be  completely  correct 
(lowest  terms),  you  must  now  change  your  gtnswer  to  a  mixed  number.    Return  to  page  13F 
recheck  your  work,  and  reduce  answer  to  lowest  terms. 

&  

13C  _  . 

4  or  4/1  is  Incorrect.   You  obtained  the  reciprocal  of .the  dividend.    You're  to. obtain 
the  reciprocal  of  the  divisor  and  then  proceed  as  in  multiplication.    Now  go  to  page  30, 
rework  the  problem,  and  select  the  correct  answer. 

13D  .  . 

You've  forgotten  the  rule  on  borrowing.   True,  .you  can't  subtract  15  from  16  8/15  unless 
you  borrow.    Why  not  take  one  (1)  from  16  and  add  the  fraction  15/15  to  8/15?   No#  you 
can  subtract,  but  don't  forget  the  one  (1)  you  borrowed.   Go  back  to  page  20A,  rework  the 
problem,  and  select  another  answer. 

13E  o 

13/7  is  unacceptable,  because .answers  will  always  be  reduced  to  their  lowest  terms.  Return 
to  page  13A  and  select  the  correct  answer  that  1s  1n  Its  lowest  terms. 

13F  ,  '  " 

9/16  1s  correct.    Dividing "with  mixed  numbers  requires  three  steps:  (1)  Change  the  mixed 
number  or  mixed  numbers  to  Improper  fractions.    (2)  Obtain  the  reciprocal  of  the  divisor 
(invert  divisor).    (3)  Multiply  the  dividend  by  the  reciprocal  of  the  divisor.   Try  thi^ 
problem: 

.         .5  5/6  t  1  1/6  =  \    ^  ♦ 

If  your  answer  is:       v  Go  to  page: 


.5 


13A 


6.29/36  •  •  "A*. 
35/37  •  nB  «§ 


]1 
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30.    You  came  from  page  5C. 
7  1/4=  29/4 
29/4  =7  1/4 


Change  each  pf  the  following  improper  fractions  to  mixed  numbers  and  the  mixed  numbers 
to  improper  fractions: 

o 


a.    1  4/9  b.    21/8  c.    10  11/12       [  d.  49/3 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  l)  I  I  I  I  I  I  I  I  I  I  I  I 

a.    13/9  b.    2  5/8  c.    131/12  d.    16  J/3 

31.  A  fraction  is  1n  its  lowest  terns  when  the  number  one  (1)  is  the  only  number  that 
divides  evenly  into  both  the  numerator  and  the  denominator.    (NOTE:    Dividing  both  the 
numerator  and  denominator  by  the  same  number  does  not  change  the  value  of  the  fraction.) 
Select  the  fraction  below  that  is  in  its  lowest  terms. 

If  your  answer  is:  £o  to  page: 

2/4  7A 

6/9  7D 

3/7  7F 

32.  You  came  from  page  7B. 

Reduce  each  of  the  following  fractions  to  lowest  terms: 

a.    12/4  =  b.    21/49  =  c.    64/72  =  d.    17/51  = 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 

a.    3  or  3/1  b.    3/7  c.    ,8/9  d.  1/3 

-   £  ,  

33.  To  add  or  subtract  fractions,  they  must  be  like  fractions.    Like  fractions  have  the 
same  nunEe?  for  a  denominator.    7/12  +  5/12  or  7/12  -  5/12  are  like  fractions  because  they/ 
have  the  same  number  for  a  . 

I  I  I  I  I  I  I  I  I  fl  I  I  I  I  I  I  I  I  I  1  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 
denominator 

 —  '  ■  :  ^  

34.  Fractions  must  have  like  (common)  denominators  before  you  can      1  or 

  them*  >  > 

I  I  I  I  I  I  I  I  hi ijp/  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 
add  subtract  (any  order) 

14 


56  i 
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Not  quite  rlgft.    You  must  not  have  cancelled  the  3s  after  obtaining  the  reciprocal  of  the 
divisor  and  yoo  haven1 t  reduced  to  the  lowest  terms.    Go  back  to  page  21,  frame  59,  and  " 
correct  your  mistake.    Then  select  the  correct  answer. 

 :  

;  ■      ■  if  

15B  x 

1  6/7  1s  correct.    Divide  the  following  fractions  and  reduce  answers  to  lowest  terms: 

a.    5/8  f  3/4  ■  c.    2  1/6  1-4  1/2  = 

.b.    22  f  6  7/8  =                             d.    8/21  ^  3  3/7  - 
 \  1   ;   Check  answers  on  page  15D 

15C 

No!    Does  1t  sound  reasonable  that  3  1s  contained  Jin  5  4/7  -  -  -  16  and  5/7  times?  You 
forgot  to  obtain  the  reciprocal  of  the  divisor  before  you  multiplied."  Go  bade  to  page 
13A,  Invert  the  divisor,  multiply,  and  then  select  the  correct  answer. 

15D       *  •  j 

Answers  from  page  15B:    a.  5/6   b.  3  1/5*  c.  13/27   d.  1/9  I 

If  you  had  any  answers  other  than  those  above,  you  must  rework  the  problems  on  page  15B. 
When  you've  gotten  all  correct,  solve  these  problems: 

a.  5  2/3  f  9  5/9  -  c.    21  1/16  +  9  3/8  +8  1/2+  3/4  = 

b.  5  2/5x2  1/4  x  4  2/3  =  d.    3  3/16  -13/4= 


Check  answers  on  page  15F 


T5E 


Never!    The  only  way  you  could  have  arrived  at  this  answer  was  to  have  reduced  the  numer- 
ator and  not  the  denominator.    Return  to  page  9G,  work  the  problem  again,  and  select  the 
correct  answer. 


T5F 

Answers  from  page  15Q  :  a.    51/86   b.    56  7/10   c.    39  11/16   d.    1  7/16 

If  you  missed  any  problem,  you  must  rework  and  recheck.  After  all  problems  are  correct, 
read  the  rules  again  that  are  on  the  pages  listed  below  and  then  go  to  page  17A. 

~>> 

Problem: 

» 

a.  Division 

b.  Multiplication 

c.  Addition 

d.  Subtraction  and  Borrowing 
After  you've  read  the  rules  again,  qo  to  page  21,  frame  60. 


56  j 


35.  When  fractions  have  cannon  denominators,,  you  add  or  subtract  numerators  and  retain 
the  conwon  denominator. 

Example:    7/12  +  5/12  =  12/12    reduced  *  1 

Then  7/12  -  5/12  «   [   reduced  «   . 

I  I  I  I  I  I  I  i  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  hi  I  I  I  I  I  I  I  I  I  I  I  I  I  I 
2/U  1/6 

 ;   :  j   

36.  Before  fractions  with  unlike  denominators  can  be  added  or  subtracted,  they  must  be 
changed  to  their  lowest  conron  denominator  (LCD) ,    LCD  Is  the  lowest  number  that  is  divis- 
able  by  each  denominator.    Example:  2/5  +  1/20  Or  275"-  1/20. 

The  la^st  number  divisible  by  each  denominator  1s  20;    therefore,  20  1s  the  ~ 
I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  t  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 
least  or  lowest  common  denominator  or  (LCD) 


37.  Again,  the  lowest  number  divisible  by  each  denominator  of  fractions  to  be  added  or 
subtracted  is  called  the   


I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 
LCD 

;  :  i  'J.  d  

38.    Determine  the  lowest  common  denominator  (LCD)  for  these  fractions: 
1/2  +  1/4,  the  LCD  1s   . 


2/7  -  1/42,  the  LCD  1s 


/  /  /  /  /  /  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  lt  I  I  I  I  I  I  I 
4 

42 


39.    After  tjje  LCD  has  been  determined,  change  all  fractions  to  equivalent  fractions  of  the 
same  denominator;  then  add  or  subtract.    Example:    2/7  +  1/42,  the  LCD  1s  42.    To  change 
2/7  to  LCD  42:    Divide  7  into  42;  the  quotient  is  6.    Multiply  6  by  the  numerator  2  and 
place  the  product  (12)  over  the  LCD,    2/7  =  12/42.    Now  .we  can  add.    12/42  +  1/42  13/42 
reduced  is  13/42.    Change  the  fractions  below  so  they  have  the  , same  LCD. 

a.    1/3  +  5/6+1/12  =   +    '  +  _  


b.'  4/5-1/3  =   ;    ,  ... 

I  I  I  I  I  I  I  I  I  I  I  I  I     I  I  I  I  I  I  I  I  I  I  I  I  4  I  I  I  I  I  I  I  I  I  N  I  I  I  I  I  I  < 

a.  4/12  +  10/12  +  1/12 

b.  12/15  -  5/15 

. •  ;  ,566 
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40.    Find  the  LCD  for  the  fractions  below: 
a.    5/8  +  1/16  +  1/4,  the  LCD  is   


b.    4/7  -  1/49,  the  LCD  is 


I  I  I  I  n  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  IJ  I  I  I  I  I  I  I  I  I  I  I  I  I  1  1  1  1  1  1 

a.  16 

b.  49  : 

41.    Find  the  LCD  and  change  the  fractions  below  to  equivalent  fractions, 
a.    1/9  +  1/81+2/3°  +        "  +  


b.    4/5  -  5/8  - 


/  /  /./•/  I- 1  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  III 

■>» 

a.  9/81  +1/81  +  54/81 

b.  32/40  -  25/40 

*     *    _ 

42.  The  rule  again  for  adding  and  subtracting  fractions.  (1)  Change  fractions  to  cannon 
denominators.  (2)  Add  or  subtract  numerators.  (3)  Keep  conmon  denominator.  (4)  Re- 
duce answers  to  lowest  terms.  Above  and  below  are  the  LCD  problems  from  the  last  frame. 
Complete  the  problems. 


a.    9/81  +1/81  +  54/81 & 


reduced 


/ /  /7  ATrlTtrrrrrnTfrtTtrrtTTTTn mjnnn, 

64/81  reduced  1s  64/81  -  s 

7/40  reduced  is  7/40 


43.  Does  it  all  come  back  to  you  now?  Solve  this  problem  and  reduce  answer  to  lowest 
tdrms . 

) 

1/28  +  6/7  +  5/14  =  . 


If  your  answer  is: 
1  1/4 

1  7/28  J 
12/28  _ 
3/7 


Go  to  page: 
7E 
9A 
7C 
5G 


tV 


J- 
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*■ 
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r  ■■ 


2 
2 


44.    Vou  cepe  from  1)0/ 

.  .  /I  .\VJ.  .  .  .bl    1  1/8         c'    13  9/16       d.  1  3/4  ' 

!Er^S*!B  RdEt ^o^^he^^/gL0"  °J  to  obtain 

2/3T  x  2/3,  multiply  tlmi       """^or  of  the  product  1n  the  problem 

.  ,  -  .  (number)  "(numbed)"' 

/////////  //////////}n/^,///////////////////// 


^c»^  fi  ^Jtipiyir.9  the 

is  obtained  by  multiplying                P                  7  '       numerator  of  the  product 
talned  by  multiplying   «-inv»c   and  tne  denominator  1s  ob- 


  times  _ 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 
2x4 

3x5  ^ 


I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 


*  oMe\?^  of  the  fractions 
  of  the  Product!-''  S0l^dtn1S^nroble^?Ply  ^  denom1nat°"s  to  oka^the 


2/3  x  2/5 

/////////////  /  /  //  /  /  I  I  I  I  I  I  I  I  I  I  l  i  J  i  i' J  J 
numerator 


//////// 


denominator 

4/15 


(7 


o 

  reduced 


5/8  of  40  » 


> 1  *  1 1 1 1 1 1 1 1 1 1 1 1 , 1 1 1 , ,  1 1  i  1 1  ,Yi ,  1 1 1  u  i  h, ,  1 1 1 1 1 

.  200  . 

~r ; 0 

reduced  =25 


78 
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48.  If  the  problem  contains  more  than  two  fractions,  multiply  all  the  numerators  and  multi- 
ply all  the  denonrfnttors.    Example:    2/5  x  1/3  x  2/3  x  1/4  «  4/180  reduced  1/45. 

X 

Solve  this  problem:    3/5  x  4/7  x  1/2  a  -   m  reduced  «   

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  l~TTTTTTf  \  I  I  I  I  I  /////•//  n  III 

12/70         redueed  ■  6/35   ,  ^ 

49.  Cancellation  1s  a  short  cut  used  1n  multiplying  fractions.    The  short  cut  in  multi- 
plying fractions  1s  called  *  f  > 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  Itl  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  /. 
cancellation 

50.  Cancellation  1s  much  the  same  as  reducing.    The  first  step  1s  to  select  a  numerator 
and  denominator  that  can  be  divided  evjsnly  by  the  same  number.  *  The  problem  5/10  x  2/5  x 
4/10  can  be  reduced  to  1  ff/KJ  5  x  1  Zft  1  x  2  yf/Jd  5.    The  next  step  is  to  multiply  the 
numerators  and  the  denominators  1/5  x  1/J  x  2/5  «  2/25  reduced  is  2/25.    Solye  the  problem 

below  by  cancellation.    Show  work. 

h 

5/8  x  4/7  x  1/5  *  __   .  .< 

I  1 1  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  ITTTTTTTTTTI  I  I  I  I  I  I  1 1  I J  I  I  1 1 
l  m  2x1///  x  MZ  l  «  1/14 

51.  When  you  use  the  cancellation  method,  the  basic  principle  1s:    Dividing  both  the  * 
numerator t and  the  denominator  by  the  same  number  does  not  change  the  value  of  a  fraction. 
The  value  of  a  fraction  1s  not  changed  when  the  and  the  * 

are  by  thevsame  number. 

i  ■  \ 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  /V  /  ///'////'///////.  ///:///// 1/  / 

numerator 

denominator 
(either  order) 

divided  *  . 

52.  In  the  problem  2/15  x  3/8,  the  2  and  8  can  be  cancelled  by  dividing  each  by   ^ 


and  the  3  and  15  cancelled  by  dividing  each  by  .    The  answer  to  the  prob- 
lem, then,  is   .                               .  *  <s? 

1  I  I  I  I  LI  TTTTTTTTT1 1  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  1  I  I  I  I  I  t  l 

2  *>  K  V 

3  .  r 

1/20 


53.    In  the  problem  10/13  x  26/50  x  7/21,  the  10  and  50  are  cancelled  by  dividing  each  by 

 ;  the  13  and  26  are  cancelled  by  dividing  each  by    ;  and  7/21 

can  be  reduced  to  .    Now  solve  the  problem*  showing  your  cancellation. 

10/13  x  26/50  x.  7/21  =  :  


I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  S  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 
10;  13;  1/3  -1 

i  ys/ys  i  x  z^s/pfi  5  x  i  //yi  3  ■  2/15 

—  : — *  ^s-  ^ — '-  

54„   Solve  the  following  problems,  using  cancallation  where  applicable.    Reduce  answers 
to  lowest  terms.  *  , 

'     a.    2/5  x  3/10  x  7/9  = 

b.    12/16  x  8/24  x  6/10  ■  •         •  +  1+ 

I  I  I  I  I  I  I  I  I  I  I  I  I  I.I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I J  I  I  I  I  I  I  I  I  I  I  I  '  I 

a.  7/75 

b.  1/5   .  -  , 

 :  Y  ^  :  

55.  In  order  to  multiply  fraction* and  mixed  numbers,  the  mtxed  numbers  must  be  changed 
to  improper  fractions.    Example:    2  1/2  x  3/8*x  1  1/3  will  be^changed  to 

5/2jU  3XS  :i  x  1  4/3  1  »  5/4  reduced  is  1  1/4 

Solve  the  following  problems,  uslifg  cancellation  where  applicable,  and  reduce  answers  to 
lowest  terms:  * 

'a.    3  1/3  x  5  1/2  x  9/10/ 

b.  4  1/2  x  3  1/3  x  2  2/8  =  '  s 

c.  3/4  of  80  = 

/////////////////  7  I  I  I  I  I  I  L  I  I  I  I  I  I  I  I  I  M 7  I  I  I  I  I  I  I 
a.    16  1/2    v        b.    33  3/4  c.  60 

56.  Solve  the  problems  below,  cancelling  where  applicable,  and  reduce  answers  to  lowest  , 
terms.  ••       .  »  ' 

a.  3/^of  2  5/8  =  r  '•  C    3  1/2  x  2  1/4  x  2/3  «  .  ^ 

b.  1/6  of  24  ■  d.  2  1/8x33/4x11/3=  . 
I  I  I  I  I  I  I  J  II  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  j  I  I  I  I  I  I  I        I  I  I  I  I 

a.  1  23/40  "    c.  54/4 

b.  4  i  .  d.    10  5/8 


'  20 


57.    Dividing  conmon  fractions  requires  two  steps: 

Example:    2/7  f  1/3  » 

Dividend'  Divisor 

(1)  Obtain  reciprocal  of  divisor  -  -  3/1 . 

(Invert  divisor) 

(2)  Multiply  the  dividend  by  the  reciprocal  of  the  dlviscr  -  -  2/7  x  3/1  =  6/7. 
Then  2/7  iJ/3  =        ;   .  . 

//////////////////////////////'///.//////////// 
6/7 


58.    Fill  In  the  steps  to  find  5/9  f  3/4. 

(1)  Obtain  reciprocal  of  divisor  

(Invert  the  divisor) 

(2)  Multiply  the  dividend  by  the  reciprocal  of  the  divisor.   

Then  5/9  -  3/4  =  . 

I  I  I  I  I  !  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  1,1  I  I  I  I  I  I  I  I  , 


4/3 


5/9  x  4/3 


20/27 


59.    Solve  this  problem  :  3/10  *  3/4  « 
If  your  answer  is: 
2/5 
9/40 
12/30 


Go  to  page: 

3,C 
3F 

*  15A 


60.  You  have  completed  the  Programmed  Lesson  on  fractions.  For  some,  the  proqram  was 
just  a  review;    for  others,  it  has  been  a  process  of  learning. 


A  SELF-TEST  ON  FRACTIONS  COMMENCES  ON  PAGE  22. 


57  j 
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SELF-TEST  ON  FRACTIONS 
1.    Write  the  definition  of  a  fraction. 


2.    Identify  the  two  parts  of  the  fraction  7/8  and  explain  what  each  part  shows. 


7  - 

8  - 


T 


3.  Identify  the  proper  fractions,  the  improper  fractions,  and  the  mixed  numbers  in  the 
following  list  by  placing  a  "P"  by  the  proper  fractions,  an  " I "  by  the  improper  fractions, 
and  an  "M"  by  the  mixed  number. 

a-  15/16  a.  77  2/3  h.  7/12 

b.  19/17  f.  300/299  1 .  6  3/}   ^  / 

c-  2  */5  g.  10/11  .    /    j.  5/6 

d.  9/7  >  / 

4.  Change  the  mixed  numbers  to  Improper  fractions  and  the  Improper  fractions  to  mixed  ' 
nunfcers.  I 

a-    3  2/3  d.*  19/15 

b.  11/10  ^  e.    7  7/8 

c.  12  4/5 

5.  Reduce  the  following  fractions  to  their  lowest  terms: 

a.  18/81  c.    21/63  e.  14/21 

^  b-    9/12  d.    3/7     $  fr^l6/64  . 

6.  Solve  the  following  ADDITION  and  SUBTRACTION  problems.    Reduce  answers  to  lowest  terms. 

1/2  +  1/2  =  d..  2  3/ft  -.15/8  = 

b.  5/7  -  2/3  =  e|    6  7/10  -  4  4/5  = 

c.  3/8  +  3/4  =  .    >     f.    11  3/4  +  19  5/8  +  9  1/2+  3/l#= 

7.  Multiply  the  following  fractions,  cancelling  where  applicable.    Reduce  answers  to 
lowest  terms.  j 

a.  1/2  x  3/4  x  2/3  =  *  c.    3/4  x  5  1/2  = 

b.  4  2/3  x  5  1/4  x  2  2/3  =  /  d.    1/8  of  16  = 

8.  Divide  the  following  fractions,  cancelling  where  applicable.    Reduce  answers  to 
lowest  terms. 


a.  7/8  -  7/16  =  n  c.    4  2/3  -  12  4/9  = 


b.  15  -  4  1/5  -  °;"  -  d.    4/5  -  2^ 7/15 


4 


7  ?  Answers  on  next  page. 

'  22 


ANSWERS  TO  SELF-TEST 

1.  A  fraction  1s  part  of  a  whole. 

2.  7  -  Numerator.    Indicates  how  many  parts  of  the  whole  are  being  considered. 

.  '  8  -  Denominator.    Indicates  how  many  equal  parts  the  whole  has  been°divided  into. 

3.  a.  P   b.  I    c.M  d.  I   e.  M   f.  I    g.  P   h.  P   i.  M  j.  P 

4.  a*  11/3   b.  1  1/10   c.  64/5   d.  t  4/15   e.  63/8 

5.  a.  2/9   b.  3/4   c.  1/3   d.  3/7   e.  2/3   f.  1/4 

6.  a.  1    b.  1/21    c.  1  1/8  d.  3/4   e.  1  9/10   f.  41  1/16 

7.  a.  1/4   b.  65  1/3    c.  4  1/8   d.  2 

8.  a.  2    b.  3  4/7   c.  3/8   d.  12/37 


1* 
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ASSIGNMENT  SHEET  , 

This  assignment  sheet  should  be  used  when: 

#  You  are  to  complete  only  a  part  of  this  text, 

#  Your  assignment  within  this  text  is  divided  into  two  or  more 
readihg  periods, 

« 

Your  instructor  will  make  assignments  by  identifying  specific  objectives, 
text  material,  and  review  questions. 


ASSIGNMENTS 


OBJECTIVES 
(by  No) 

TEXT  MATERIAL  .  ' 
(by  page  and/or  frame) 

REVIEW  QUESTIONS"  ' 
(by  No) 

1  <1  

(  v. 

1  • 

1 

« 

f 

i 

> 

* 

c 

ALGEBRAIC  EXPRESSIONS 

OBJECTIVES: 


2 

3 
4 

5 


8 
9 
10 

11 ', 


« 

fr0mia  if3?  °f  statements,  the  statement  that 
defines  an  algebraic  expression. 

Complete  a  statement  describing  definite  numbers. 
3.    Complete  a  statement  describing  general  numbers. 

£J!*Ji4ftr0V  4st'  the  words  that  ^onplete  the 
definition  of  a  factor. 

Select,  from  a  list  of  statements,  the  statement  that 
defines  a  coefficient  (numerical  only).  """"  ™e 

6*  fr°m  a  list  of  statements,  the  statement  that 

defines  an -exponent. 

7*    SfJfSfi  fr?m  *  llst  of  statements,  the  statement  that 
defines  subscripts. 

Match  a  list  of  algebraic  expressions  to  a  description 
of  each  expression.  F 

Select,  from  a  list  of  statements,  the  statement  de- 
scribing a  monomial. 

.-  Ji 

fr°m  !  li8t  ?f  sfcatements,  the  statement  de- 
scribing a  polynomial.  ^  * 

Match  signs  of  grouping    to  the  name  each  sign  of 
grouping  represents. 


Suggested  study  time  70  minutes. 


1.  In  the  language  ©f  algebra,  an  algebraic 
expression  is  defined  a's  any  expression 
that  represents  a  number*,  by  means  of  the 
signs  and  symbols  of  algebra.  *  These  sym- 
bols include -the  letters  of  the  alphabet, 
numbers,  and  signs  ©f  operation.  Just  as 
in  aritnmetic  the  sum  ©f  4  and  2  'is  one 
-  quantity,  that  Is,  6,  in  algebra  the  sum 
of  e  and  d  is  .one  quantity,  that  is,  e+d. 

Likewise,  £,  Vb,  a,  ab,  a-b,  a  +  b  +  e, 
b 

and  s©  forth,  are  algebraic  expressions  ' 
representing  one'' quantity.    Longer  expree-j 
sions  may  be  formed  by  combinations  of 
the  various  signs  and  symbols,  but  no 
setter  how  complex  such  expressions  are, 
they  still  represent  a  number. 

When  an  expression  represents  a  number  by 
using  the  signs  and  symbols  of  algebra, 
It  is  an  > 


algebraic 
expression    '  . 

2.     The  ^signs^ and  symbols  of  algebra  form 
an  algebraic  expression  and  represent  a' 
number*  as  in  the  pyDrpnc •? rf*r»    3  .a  it** 

In  the  algebraic  expression   ^i,  the 
signs1  and  symbols  represent  a 

1 

number 

3.    The  signs  and  symbols  of  algebra  repre- 
sent numbers,  as  in  the  algebraic  ex-  \ 
pyession    2a  -  4.  \\ 

Algebraic  expressions  are  formed  by  u^ing 
the                           and  of 
algebra.  I 

signs 
symbols 

4.    Select,  from  the  statements  below,  the  1 
statement  that  defines  an  algebraic  ex-  1 
pression.    Circlie  the  letter  beside  your  1 
choice.                                               J  1 

a.  A  statement  that  expressions  are  I 
equal  in  value.  I 

b.  An  expression  that  represents  a  1 
number  by  means  of  the  signs  and  I 
symbols  of  algebra,  1 

1 
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bo  is  correct.  , 
• 

5e    Numbers  in  algebra  are  used'  to  represent 
some  definite  quantity  and  are-  called 
DEFINITE  NUMBERS. 

Definite  numbers  are  used  in  algebra  to 
represent  some  definite  quantity  and  are 
(letters /numbers) .    Select  one  answer . 

numbers 

v 

1 

60    The  numerals  0,1.2,3,4,  etc*, have  defin- 
ite meanings  and  d©  not  change  when  used 
in  algebra. 

In  algebra,  when  definite  numbers  are 
used,  thev  f do/do  not)  change.  Select 
one  answer  - 

do  not 

7.    Definite  numbers  are  those  numbers  that 
are  used  in  arithmetic  and  dp  not 
change  when  used  %n  algebra. 

When  the  numeral  7  is  used  in  algebra , 
it  is  a  '  number. 

definite 

8.    Complete  the  statement  below  by  circling 
the  letter  in  front  of  your  choice. 

$  . 
Definite  numbers  are  those  numliers  used 
in  arithmetic  that 

ae     change  when  used  in  algebra. 

b.  are  represented^ by  letters  of  the 
alphabet. 

c.  do  not  change  when  used  in  algebra. 

Co  is  correct. 

9.    There  is  another  type  of  number  used  - 
in  algebra  and  referred  to  as  GENERAL 
NUMBERS  or  literal  numbers. 

i 

Algebra  uses  two  types  of  numbers;  they 

are  and 

numbers. 

57o 


definite 
geriferal 
(literal)  ^ 


general  or 
literal 


general 

©r 
literal 


b.  is  corre.et% 


General  numbers  are  representee 
ters  of  the  English  ©r  Greek  a! 
and  can  be  upper  ©r  lower  ease, 


^y  let* 


Upper  anq  lower  ease  letters  are  used 

in  algebra  to  represent 

numbers. 


11.    Thg  letters  A,B,G^0,4,  etc.,  (upper 

ease)  and  a^b^e,  \l,t?9  etc.,  (lower  case! 
do  not  have  definite  values ,  but  when 
used  in  any  particular  algebra  probleu 
will  have  the  .same  value  throughout  the 
problem.  "~         •  ■[ 

A  letter  used  in  any  particular  algebra 
problem  will  h&ve  the  same  value  j 
through6ut  the  prtoblem  and  is  called  a 

  number.  , j 


12.    Complete  the  statement  below  by  circling 
the  letter  in  front  of  yoiar  choice. 

General  numbers  or  literal  numbers  arf0 
those  numbers 

•  \  . 

a.  ^not  represented  by  letters  of  thq 

alphabet. 

b.  represented  by  letters  of  the  alpha- 
bet. *  .  ' 

e*.    represented' by  upper  case  letters 
only. 


13.    In  the  make-up  of  an  algebraic  expr^s- 
s  sion,  there  are  many  parts?  first  parts 
to  be  considered  atflp  FACTORS,  the  multi- 
plication parts  that  furnish. a  product. 

Factors  are  the  parts  of  an  expression 

that,  when  t  ;  ,  furnish  a 

-  product.. 


57- 


/ 

/ 


multiplied 


To  indicate 
sometimes^a  d 
as  in  the  exa 

I°R,  w  •  r^, 


ieation  ©f  factors , 
Is  placed  between  the©* 
es  below. 


-  2  •  w,  1 


w 


In  the  expression  2  8  w  •  r,  the  2,  w9 

and  r\are  called  m   .  a ^  the 

dot  Indicates 


multiplication 


l,w,h. 


factor 
literal 


More  commonly,  multiplication  of  factors 
will  be  indicated  without  a  dot  between 
them,  as  in  the  examples  below. 

<a(b),  2ttvs  ttt2,   (A)(h),  27rfC 
JEn  the  expression,  Iwh,  the  factors  are 
  9   3  and   , 


o 


16. 


There  are  two  types  of  factors  in  alge- 
braic expressions,  numerical  and  literal," 
as  shown  in  the  examples  below. 

numerical  factors 

■/'> 


literal  factors 

In  the  expression,  4ab,  the  4,  is  a 

numerical   3  the  a  afnd  b 

are  factors. 


17.  Numerical  a^d  literal  factors  indicate 
that  the  parts  of  an  algebraic  expres- 
sion are  to  be  multiplied. 


In  the  expression,  4ab 
are  factors  indicating 
the  parts. 


4abc,  the  4^3,^  and  c 
 of 


o 
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5bu 


\ 


multipl iea  tion  J 

118.    Complete  the  .statement  below,  by  circling 
the  -letter  tin  front  of  your  choice. 

Factors  are  the  parts  of  an  expression 
that,  when                        . «  furnish  the 

• 

a.    multiplied,  sum. 
,    b.    added,  product.  *\j 
e.    multiplied,  produet. 

e.  multiplied, 
d  produet. 

V 

S 

19."  The  numerical  factors  is  said' to  be  the 
COEFFICIENT  of  an  algebraic  expression,  ' 

In  en  algebraic  expression,  cue  numeri- 
cal factor  is  the 

coefficient 

o 

s 

x 

20.    The  numerical  coefficient  of  an  alge- 
braic expression  in  all  cases  will!  be  a 
number ,  as  shown  in- the  examples  below. 

3xy,  4abc/  2IR,  £ab 

.  In  the  expression ,  iadf ,  the  numerical 
coefficient  would       .  be   . 

1 

4 

21.    In  an  algebraic  expression,  when  no  nu- 
merical, factor  is  indicated,  the  number 
one  (1)  is  understood  to  be  the  coeffi- 
cient.   The  coefficient  1  is  always 
understood,  never  written. 

When0  no  numerical  ractor  is  moicaceo  m 
an  expression,  the  coefficient  will  al- 
ways be  the  number     .    .  j 

one  (1) 

*  a 

22.    All  algebraic  expressions  have  a  numeri- 
cal coefficient  to  the  left  of  the  lit- 
eral factors. 

Ift  the  expression,  abc,  there  is  a  numer- 
ical coefficient  which  is  not  Indies  ted 
and  is  the  number                         ^wnicn  is 
never  written.  * 

■ 

58 


ons  (1). 


b.  1 
e.  3 
d.  1 


xs  correct. 


exponent 


23.  .Examples  ©f  algebraic  expressions  are 
shown  below. 


a.       b.  '  c. 

§ab       abc  3m 


I^R 


What  are  the  numerical  coefficients  of 
the  expressions  shown  above? 


24, 


Seiect'  from  the  statements  below a  the 
dWinition  of  a  numerical  coefficient. 
Circle  the  letter  in  front  of  your 
choice. 

a.  The  literal  factors  that  are  added 
or  subtracted  from  an  algebraic  ex- 
pression. 

b.  s  The  numerical  factor  is  the  coeffic- 

ient of  «an  algebraic  expression. 


25. 


EXPONENTS  are  the  small  numbers  written 
to  the,ri£ht  and  a  little  above  the  base, 
as  shown  in  the  examples  below. 


2f 


y3, 


:  b3 


x2y3 


The  name  of  the  small  numbers  written 
..above  and  to  the  right  of  the  base  is 
(coefficient  /exponent  ). 


26. 


The  base  may  be  either  a  number  or  a 
letter,  as  shown  in  the  examples  below. 


a2,  B2,  C2,  42,  82,  23 


The  number  or  letter  written  below  and 
to  the  left  of  the  exponent  is  the 
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base 

__ »  .  ^ 

> 

27 o    The  exponent  indicates  the  number  of 

times  the  base  is  to  be  used  as  a  facto* 

In  the  example  above 9  how  many  times  is 
the  base  used  as  a  factor?  /  0 

Answer 

»  m 

9 

f  • 

■28.'  The  base  is  used  as  °a  factor  the  xusaber 
of  times  the  exponent  indicates ,  as 
shown  in  the  example  below. 

The  exponent  of  HxH  is  2j  ^therefore, the 
base,  which  is  "xjf  is<  multiplied  2  times 

In  the  ekpression    y3,  the  exponent  In- 
dicates the  base  is  to  be  used  3  times 
as  a 

factor 

J 

29.    Exponents  indicate  how  many  times  the 
•»  base  is  to  be  used  as  a  factor. 

a.          b.         c.  d. 

•            y3          33        a2  |24 

In  the  examples  above,  how  many  times 
is  the  b&se  used  as  a  fact of? 

&      a.          b.            c.  d. 

a.  3 

b.  3 
e.  2 

d.     4  . 

"\ 

30.    Select,  from  the  statements  below,  the 
statement  that  defines  an  exponent. 
Circle  the  letter  in  front  of  your 
choice. 

a.    Numbers  written  above, and  to  the 
right  of  the  base,  indicating  how 
many  times  the  base  is  used  as  a 
raccor. 

-  b.  / Numbers  written  below  and  to  the 
.  right  of  the  base,  indicating  how 
many  times  the  base  is  used  as  a 
factor.  1 

5S3 

 / 


r 


a.     is  correct. 

ft 

31*    SUBSCRIPTS  are  small  numbers  or  letters 
written  below  and  to  the  right  of  a  base 
leirter.  to  distineufsh  it  from  other 
letters  of  the  same  classification* 

A  small  number  or  letter  written  to  the 
right  and  below  a  base  letter  is  a 

y 

subscript 

• 

> 

32.    When  a  base  letter  has  a  small  number  or 
letter  written  below  and  to  the  right, 
it  is  a  subscript, <as  shown  in  the 
example  below, 

Rt  -  RX  -.R2 

\       ♦  / 
subscripts 

When  a  subscript  is  written  near  a 
letter,  it  will  appear  to  the 

and                         v  the  letter. 

right, 
below 

33.    In  the  expression    Ri  +  R2  +  R3> 
letters  are  the  base. 

# 

The  small  numbers  written  to  the  right 
and  below  the  base  are  called 

subscripts 

>^ 
* 

34.    Subscripts  have  no  numerical  value  and  - 
are  used  only  to  distinguish  base  letters 
o     from  other  letters  of  the  sam6  class if i- 

El  +  E2  +  E3 

The  base'  letter,  which  is  flEfl,  c*n  be 
distinguished  from  each  other  by  using 
the  numerals  1,  2, and  3. 

In  the  expression    Ip  +  Is,  the 

distinguish  the  letter 
"I11  from  the  other  letters^of  the  same 
classification. 

9 
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r 


subscripts 


E  sub  b  minus 
iR  sub  L. 


a  -  , '   

35=  To  distinguish  base  letters  from  each 
other  when  they  are  used  more:  than  once 
in  an  expression,  subscripts  are  used. 

In  the  expression  P^  +  P2,  the  P*s  are 
of  the  same  classification,  the  1  and  2 
are  th^e  subscripts.  You  would  read  the 
expression  as:  P  sub  1  plus  P  sub  2. 

In  the  expression    Eb  -  iRL,  how  would 
you  write  the  expression  in  words? 

Answer 


S2b 


b. 
d. 

e. 

f>. 

are  correct. 


\ 


a.    is  correct. 


J6.  Numbers  or  letters  written  to  the  right 
and  a  little  below  the  base  letter  dis- 
tinguish the  base  letter  from  other  let- 
ters of  the  same  classification. 


Pt  -  Pi  -  P2 


a. 

R2 

+ 

X2 

e. 

b. 

EP 

+ 

Es 

f. 

c . 

C2 

A2 

g. 

d. 

Tl 

+ 

T2 

h. 

+  E 
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In  the  examples  above ,  select  the  expres- 
sions having  subscripts  indicated.  Circl^ 
the  liters  in  ptont  of  your  choice.  / 


37.  Select,  from  the  statements  below,  the 

statement  that  defines  a  subscript. ^ircle 
the  letter  in  front  of  your  choice^ 

a.  Small  pumbers  or  letters  written  below 
and  to  the  right  of  a  base  letter,  to 
distinguish  it  from  other  letters  of 
the  same  classification.     /  0 

b.  Small  numbers  or  letters ^written  above 
and  to  the  right  of  the  base  letter, 

to  distinguish  it  from  other  letters  v 
of  the  same  classification. 


38.  The  parts  of  a  TERM  in  an  algebraic  ex- 
pression are  not  separated  by  plus  (+) 
or  minus  (-)  signs. 

-4ax,  3ab,  ad2,  -2ax2,  6a2b2 

In  each  expression  above,  the  parts  ojE 
each  term  (are/are  not}  separated  by  a 
plus  or  minus  sign. 


/ 


9 
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are  not 

p 

39.'    The  plus  or  nfinus  sign  preceding  the 
tevr%  is  a  part  of  that  term/  x 

P1-P2 

in  i:he  algebraic  egression  above,  the 
negative  sign  is  a  part  of  the  terra  ' 
and  the  understood  sign  for  the  term 

Pi  is                .  • 

positive 

40,    The  tCERMS-  of  an  algebraic  expression  are 
separated  by  plus  (+)  or  minus  (-)  signs. 

III  tlU  expression  4nc-  -  5y  +  2z,  how 
many(tertas  are  the*r? 

•    Answer                       .  . 

three (3) 

* 

41*    Ii^-^Hfcgsbrate  expressions,  you'  can  have 
different  numbers  of  terms,  but'  there 
ate  only  two  types,  like  terms  or  un- 
like terms . 

Thfe  two  different  types  of  terms  in  al- 
gebraic expressions  are  the 

terms  and 

like 

unlike  terms 

42^    LIKE  TERMS  are  the  type  of  terms  that 

contain  the  same  literal  factors  and 

exponents,  as  shown  below., 
0       0       0  0 
4a2,  7a2,  3a2,  10a2. 

In  the  examples  above,  since  each  term 
contains  the  same  literal  factors, they 
are                       —  terms. 

like 

43.    Terms  that  are  exactly  the  same  or  that 
differ  only  in  their  coefficients  are 
Q   called  like  terms,  as  shown  below. 

12xyz  ,  -4xyz  ,  -7xyz 

The  expression    3ab  +  2ab  contains 
unlike                       and  * 
literal  factors. 

10 
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coefficients 
like 


44. 


In  the  expression 
v  as  the  same 


a*b  +.  4a^b,  e?ch  term 


factors 


ral 


unlike 


unlike 


45,    The  second  type  ^f  terms    is  UNLIKE 

terms,  those  terms  that  have  different 
literal  factors,  as  shown  below. 

*   3ab  +    4bc  ,  -15cd  +  3de 

When  an  expression  contains  terms  having 
different  literal  factors,  they,  are 
.  "  *  ;   terms,  . 


46.    Terns  that  differ  in  their  literal  fac- 
tors are  called  unlike  terms,  as  shown 
below.  ■» 

A2  +  B2 

The  expression  4a  -  b  -  2c  contains 
three  literal  factors. 


47. 


Match  each  expression  below    to  a^- de- 
scription of  each  expression.    Place  the 
letter  beside  each  description      in  the 
Space  provided  in  front  of  each  expres- 
sion. 


EXPRESSION 


O  7x2  -  5x2 


(  )  2ay2-ay,2+3ay2 


(  )  5b2x  -  3bx2 


(  )  -5x2+3xy-8y2 


DESCRIPTION  , 

a.  An  expression  con- 
taining three  un- 
like terms . 


>lej 


b.  An  explosion  con- 
taining two  like 
terms . 

c.  An  expression  con- 
^     taining  three  like 

terms .  „ 

d.  An  expresson  con- 
taining two  un- 
like terms . 


11 
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b. 
c. 
d. 
a. 


one 


48,    An  expression  consisting  of  one  term  is 
a  MONOMIAL  (mono  means  one). 

Monomials  are  expressions  of 
term  only. 


monomial 


yes 


c.     is  correct. 


two 


49.    A  monomial  is  an.  algebraic  expression  of 
one  term  only. 

The  expression  *-6axy    is  a  ______ 

algebraic  expression. 


50. 


When  an  expression  contains  one  term 
only^ it  is  a  monomial. 


'Is  the 
Answer 


ressxo 


ny  3xy 


a  monomial? 


51. 


Select,  from  the  statements  below,  the 
statement  (hat  describes  a  monomial. 
Circle  the  letter  in  front  of  your 
choice.     1  1 

a.  An  algebraic  expression  consisting 
of  two  or  more  terms. 

b.  An  algebraic  expression  consisting 
of  like  terms. 

c.  An  algebraic  expression  consisting 
of  one  term. 


52.    An  expression  consisting  of  two  terms 
is  a  BINOMIAL (bi  means  two) 

A  binomial  is  an  algebraic  expression 
of  tetms. 


53.    A  binomial  is  an  algebraic  expression 
consisting  of  two  terms. 


The  expression  2b-y  is  a 
algebraic  expression; 


ERIC 
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5b'i> ' 


binomial 

54.    When  an  expression  contains  two  terras 
it  is  a  binomial. 

Is  the  expression    xy  +  xy*    a  binbrai\l? 
Answer  ^ 

yes 

55.    An  expression  consisting;  ©f  three  terms 
is  a  TRINOMIAL ( tr i  means  three)  . 

A  trinomial  algebraic  expression  eon- 
ta  ins                           terms  ©nlv . 

three 

56.    A  trinomial  algebraic  expression  in 
general  can  be  called  a  polynomial 
containing  three  terms. 

O      O  0 

The  expression    a^+b^-c^    is  a 

or                            expression  containing 
three  terms. 

trinomial 
polynomial 
(any  order) 

57.    An  expression  consisting  of  two  or  more 
terms  is  a  POLYNOMIAL  (poly  means  many). 

.  roiynomxai  algebraic  expressions  are 
expressions  containing  or 
terms . 

two  or  mora 

r 

$8.  ^  A.  polynomial  is  an  algebraic  expression 
of  two  or  more  terms • 

The  expression    a+b-3y    is  a 
(monomial/ polynomial)  .     Select  one 
knswer. 

polynomial 

f 

59.    When  an  expression  contains  two  or  more 
termSjit  is  a  polynomial. 

Is  the  expression    x^-3x2    a  polynomial? 
Answer 

>  13 
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t 


I  yes 
i 

60.    All  expressions  with  four  or  more  terms  1 
1     are  just  called  polynomials  or  multi-  1 
nomia Is .  1 

No  response  is  required.    Continue.  1 

1  * 

61.    Select,  from  the  statements  below,  the  1 
statement  describing  a  polynomial.  1 
Circle  the  letter  in  front  of  your  1 
choice.  1 

a.  An  algebraic  expression  ©onsisting  1 
of  part  of  a  term.  1 

b.  An  algebraic  expression  consisting  1 
of  two  or  more  terms.  1 

c.  An  algebraic  expression  consisting  1 
of  one  term.  1 

I   b.     is  correct. 
1 

*  8 

62.    Terms  can  be  grouped  together  and  | 
treated  as  one  quantity  bv  using  sim  1 
of  grouping.  1 

i 

When  terms  are  grouped  together  by  means! 
of  signs  of  grouping,  they  are  treated  1 
as  1 

1    one  quantity 

63.    There  are  four  signs  of  grouping  used  1 
in  algebra;  parentheses  (  ),  brackets  1 
[  J.  braces {  }.and  the  vinculum  I 

Parentheses,  brackets,  braces, and  the  1 
vinculum  are  the                           of       .  1 

used  in  al  gehra.  1 

I    s  i^ns 
I  grouping 

1  % 
1 

1  v 

64.    To  group  terms  together  that  are  to  be  1 
affected  by  the  same  operation,  you  1 
will  use  one  or  more,  of  the  signs  of  I 
grouping,  1 

ja[  -2(a-rb)  J  1 

In  the  expression  above,  the  terms  are  1 
grouped  together  by  using  one  or  more  8 
of  the                           of                        .  1 

14  ,     .      ^  / 
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grouping 

 1  %  . — . — - 

65.    PARENTHESES  (  )    are  usually  the  inner- 
most sign  of  grouping. 

2x[-8(x-4) ]  ' 
sign  of  grouping  is 

parentheses (  ) 

* 

66.    The  second  innermost  sign  ©f  grouping 
iri  algebra  is  BRACKETS  [  ]• 

%    2x  [-8(x-4>] 

In  the  egression  above s  the  quantity 
-8(x-4)     is  inside  which  sign  of 
grouping? 

-  Answer 

brackets 

67.    In  the  expression    2x[x6+x)-2],  what  is 
the  innermost  sign  of  grouping? 

Answer 

parentheses 

68.    Usually  the  outermost  sign  of  grouping 
is  BRACES  {  }. 

2xr{3y-  [8-5y-(x-4)]} 

In  the  expression  above,  what  is  the 
outermost  sign  of  grouping? 

Answer 

braces 

* 

69.    The  VINCULUM  —  ,  when  used  in  algebra, 
is  used  mostly  in  connection  with  a 
radical  sign,  as  in  square  root,  or  in 
fractions . 

Evampi^<5  yr      HL  jl       Ri x  R2 

The  sifli  of  srouDinc  that  is  used  with 
fractions  and  the  radical  sign    is  the 
• 

15 
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1  vinculum 

70.     The  vinculum  is  used  in  algebra  as  a  1 
sign  of  grouping.  1 

.  *  1 

_  2x2 
/4cZ              x  1 

In  the  expressions  above,  what  sign  ©f  1 
grouping  is  used?                                      ■  1 

Answer                           .  1 

I  vinculum 

71.    The  vinculum  is  usually  placed  over  the  1 
term  or  terms  to  be  grouped.       .  1 

In  the  expression    2a  a-c,  the  vinculum  1 
is  placed                            the  terms  1 

1  over 

72.    If  a  sign  of  grouping  is  preceded  by  a  I 
plus  sign,  the  enclosed  terms  are  to  be  1 
added- to  what  precedes.  1 

2+(4+I-E)  1 

In  the  expression  above,  the  quantity  1 
+(4+I-E)     is  to  be     .                       to  the  1 
quantity  2.  1 

1  added 

73*    When  a  minus  sign  precedes  a  sign  of  1 
grouping,  it  indicates  that  the  terms  1 
enclosed  by  the  sign  of  grouping  are  to  1 
be  subtracted  from  the  term  that  pre-  1 
cedes  the  minus  sign.  1 
4  +  R  -  (2R  -  E)  1 
In  the  expression  above,  the  expression  1 
(2R  -  E)     is  to  be                           from  1 
the  quantity  ,  .  1 

1  subtracted 
1  R 

74.    Signs  of  grouping  arfi  preceded  by  numbers  J 
letters j  positive  or  negative  signs,  or  1 
any  combination  of  them.    When  this  1 
occurs j  the  enclosed  terms  are  to  be  1 
multiplied  bv  the  coeff icient ( term  1 
preceding)  of  the  sign  of  grouping.  1 

2(a-b)  ,  a(a+b)  ,  a+(a+b)  ,  a-(a-b)  I 

Terms  enclosed  within  a  sign  of  grouping! 
are                          bv  the  1 

of  the' sign  of  grouping.                        '  1 
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1  multiplied 
1  coefficient 

75.    In  the  expression    2<4+x),  the  quantity 
(4+x)  is  multiplied  by  the  quantity 
*     plus  2. 

To  remove  the  sign  of  grouping,  each 
term  within  the  sign  of  grouping  is 
multiplied  by  the  coefficient  of  the 
sign  of  grouping^  which  is  2. 

Therefore,  2  times  4  is  8  and  2  times  x 
is  2x,=  and  you  have  the  expression  8+2x. 

When  removing  a  sign  of  grouping,  each 
term  within  the  sign  of  eroaoinp  must-  v»«a 

bv  the  o£ 
the  sign  of  grouping. 

r  multiplied, 
I  coefficient 

76.    If  a  sign  of  grouping  is  followed  by  an 
exponent,  then  the  enclosed  terms  are  to 
,  be  used  as  factors  that  number  of  times. 

(4+b)2 

In  the  expression  above,  the  quant ity- 
(4+b)  is  used  as  factors 
times^.  \ 

1  two,  (2) 
1               "  • 

77.    Signs  of,  grouping  can  be  considered  to 

have  a  coefficient  and  exponent.    When  nc 
number  is  expressed,  the  number  one  (1) 
is  understood.  . 

a.            b.            c.            d.  v 
-<a+b)2       (4rb)        (6-E)2  .    -(4+1 -E) 

In  the  expressions  above,  what  sign  0/ 
grouping  is  used? 

Answer 

What  are  the  coefficient  and  exponent  of 
each  sign  of  grouping? 

a  •             .  e 

Q 
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pa  renthes  es 
a.  -1,2 
bo  1,1 
c.      1  ,  f 
d9  -1,1 

You  have  completed  a  program  on  algebraic 
express ions  %  now  letfe  have  a  review  on 
die  information  you  have  learned. 

1.    An  algebraic  expression  is  any  expression 
that  represents  a  number  by  means  of  the 
and                    .  of 

algebra . 

signs 
symbols 

2.    Numbers  used  in  algebra  to  represent  a 
definite^  auantitv  are  called 
numbers.  <*\^ 

definite 

 ^  u  ■   1 

3.    (General  numbers  are  represented  by 

,  and  are  sometimes  called 

0  numbers . 

letters 
literal. 

\ 

4.    Terms  are  the  parts  of  an  expression 
that  are  separated  from  each  other  by 

and       \  signs. 

plus  (+> 
minus  (-) 
(any  order) 

5.    A  term  in  ai\  algebraic  expression  is  a 
part  nf  the  expression 
separated  by  pliis  or  minus  signs. 

NOT 

1  6.    Factors  are  the  parts  of  an  expression 
that  when                         produce  a  pro- 
duct. 

multiplied 

7.    The  two  types  of  factors  used  in 
algebra  are  and 
. 
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numerical 
literal 
(any  order) 

8.    An  algebraic  expression  consisting  of 
one  term  is  a 

(I 

monomial 

9.    An  algebraic  expression  consisting  of  two 
or  more  terms  is  a 

polynomial 

10.    An  algebraic  expression  consisting  of  two 
terms  is  a     ^  or 

binomial 
polynomial 
(any  order) 

11.   Aa                           factors  are  said  to  be 
\he  coefficient  of  an  expression. 

numerical 

12.    A  small  number,  written  above  arid  to  the 
juxgnu  oi  anotner  numner^  tna t  indicates 
the  number  of  times  the  base  is  used  as  ./ 
a*  factor    is  an  . 

) 

exponent 

v  • 

Iji.    Small  numbers  or  letters  written  to  the 
right  and  below  the  base  are  called  ' 

■   —                                            1  } 

«L*t.       Wilts II   oXgQo    Oi    g^OUpUlg  ojlIs    UocQ  in 

algebra,  the  enclosed  terms  are  treated 

't— 3 — - 
 tr-  —  ' 

one  quantity 

15.    The  signs  of  grouping  used  in  algebra 
are    parentheses,  V 

-  -  ■  •-  > 
m  and  the 

brackets 

braces 

vinculum 

16.    T^/ir&move  signs  of  grouping,  you 
/                    eacho  term  enclosed 
within  the  sign  of  grouping  by  the 

of  the  group. 

multiply 
coefficient 

EM  PROGRAM 
Self-test  starts  on  the  next  page. 
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%  SELF-TEST  FOR  ALUEBHAIC  EXP&ESSIQNS  * 

1.  Select*  from  the  statements  below,  the  statement  that 
defines  an  algebraic  expression.    Circle  the  letter 
beside  your  choice. 

a.    An  QKpreseion  tftat  represents  a  nufpber  by  means  of 
the  signs  and  symbols  of  algebra. 

-bo    A  statement  that  expressions  are  equal  in  value o 

2.  Definite  numbers  are  those  numbers  used  in  arithmetic 
that     (Cirele  the  letter  that  completes  the  statement.) 

a.  are  represented  by  letters  of  the  alphabets 

b.  do  not  change  when  used  in  algebra, 
e.    eljjange  when  used  in  algebra. 

o 

) 

5.    General  numbers  are  those  numbers,  referred  to  as 
literal  numbers,   (Circle  £he  letter  in  front  of  your 
choice . ) 

a.  represented  by  letters  of  the  alphabet.. 

b.  not  represented  by  letters  of  the  alphabet 
e.    represented  by  up'per  ease  letters  only. 

4.    Factors  are  the  parts  of  an  expression  that  when 
  furnish  the   a 

a*,    added,  sum. 


b.  divided,  quotient.  ^  * 

c.  multiplied,  product.  v 

Select,  from  the  statements  below,  the  statement  that 
defines  a  coefficient.  Cirele  the  fetter  in  front  of 
your  choice. 

a.  The  numerical  factor  is  the  coefficient  of  an 
algebraic  expression. 

b.  The  factor  that  is  added  to  or  subtracted  from  an 
algebraic  expression. 

^7 
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6.    In  the  algebraic  expression  XYZ,  wfiat  is  the  numerical 
coefficient!  < 


7,  Select,  from  the  statements  be tew,  the  statement  that 
defines  an  exponent.    Circle  the  letter  in  front  of 

your  choice, 

a0    Small  numbers,  written  to  the  right  and  a  little 
below  the  base,  indicating,  the  number  of  times  the 
base  is  to  be  used  as  a  factor. 

b.    Smal^  numbers,  written  to  the  right  and  a  little 
abeve^he  base,  indicating  the  number  of  times  the 
base  is  to  be  used  as  a  factor. 

8.  Select,  from  the  statements  below,  the  statement  that 
defines  subscripts.    Circle  the  letter  in  front  of  your 


a.  Small  numbers  or  letters,  written  below  and  to  the 
right  of  a  base  letter,  to  distinguish  it  from  other 
letters  of  the  same  classification. 

b.  Small  numbers  or  letters,  written  above  and  to  the 
right  of  a  base  letter,  to  distinguish  it  from  other 
letters  of  the  same  classification. 


9.    Match  e£ch  algebraic  expression  to  the  description  of  - 
each  expression.    Place  the  letter  that  is  beside  each 
description-  in  the  space  beside  the  expression. 


a ,  0. 

b.  1. 
e.  •  2.  " 
d.  j. 


choice. 


EXPRESSION 


DESCRIPTION 


An  expression  containing 
two  like  terms. 


(  ) 


4ab  +  lab 


An  expression  containing 
three  unlike  terms. 


a  be  +  3abc  -  3abe 


An  expression  containing 
two  unlike  terms. 


(  ) 


4az  -  2a 2 


An  expression  containing 
three  like  terms. 
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10.  Select,  from  the  statements  below,  the  statement  that 
describes  a  monomial.    Circle  the  letter  in  front  of 
your  choice. 

a.  .  A.n  expression  consisting  of  like  terms. 

b.  An  expression  consisting  of  one  term.1" 

Co    An  expression^  consisting  of  two  or  more  terms. 

11.  Select,  from  the  statements  below,  the  statement  that 
describes  a  polynomial.    Circle  the  letter  in  front  of 
your. choice. 

a.  An  expression  consisting  of  part  of  a  term. 

b.  An  expression  consisting  of  one  term. 

e.  ^An  eztpression  consisting  of  two  or  more  terms. 

1%.    Match  each  sign  of  grouping    to  the  name  of  each  sign  of 
V    grouping.    Place  the  letter  that  is  beside  each  name  in 

^  the  space  beside  each  sign  of  grouping. 


(  ) 
<  ) 
(  ) 
(  ) 


SIGNS  OF  GROUPING 

.  <  ) 
[  ] 

(  ) 


•  NAME 
a.    vinculum ' 
h.  braces 

c.  parentheses 

d.  brackets 
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Manuals  or  other  official  publications.  V 


6  00 


ANSWERS  TO  SEXJ-TEST 


1. 


2. 

3. 
A. 
5. 
6. 
7. 

8. 
9. 


a .  •  Unknown 

b.  Equal  Sign 

c.  First  Mtmbtr 

d.  Second  Mtmbtr 

e.  0 

« 

b. 
b. 

b.  and  c.  » 

b.  f c. ,£ . ,  and  g. 

a.  a  •  5 

c.  r  -  13 

a.  x  •  5 

c.  e  ■  4 

a.  5  -  t 

c.  x  m2 


10. 


11. 


a.  7  -  8 

c.  b  -  10 

a.    Rx  -  R]_  -  R3 
T 


c. 


-  I 


r 


b.  2.3  ■  w 

d.  a  -  A 

b.  x  -  10 

d.  x  -  1. 

b.  x  -  9 

d.»  x  ■  1 

b.  «■! 


d.    t  -  12 


R2       b.  I 
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ALGEBRAIC  EQUATIONS 


OBJECTIVES: 


9. 


1.  Label  the  first  member,  second  member ,  equal  sign,  and 
unknown  of  an  algebraic  equation. 

2.  >  Select,  from  a  liat  of,  statements,  the  statement,  that 

defines  an  algebraic  equation. 

3.  Select,  from  a  list  of  statements,  the  statement  that 
describes  the  Golden  Rule  of  algebra.  r 

4.  Select,  from  a  list  of  statements,  the  statement  that 
describes  transposition. 

5.  Select,  from  a  list  of  statements,  the  statements  that 
describe  how  factors  arelmc?|fed  from  one  side  of  an  equa- 

.    tion  to  the  other  side.  * 

6.  Select,  from  a  list  of  statements,  the  conditions  that 
must  be  met  when  solving  algebraic  equations. 

7.  Solve  algebraic  equations. containing  an  unknown  on  one 
side  of  the  equal  sign. 

8.  Solve  algebraic  equations  containing  an  unknown  on  both 
sides  of  the  equal  sign. 

9o    Solve  algebraic  equations  containing  signs  of  grouping. 

10.    Solve  algebraic  equations  containing  fractional  quanti- 
ties. 


11.    Solve  algebraic  equations  containing  definite  variables 


SUGGESTED  STUDY  TIME  150  MINUTES. 


ii 


INSTRUCTIONS  FOR  TAKING  THIS  PROGRAM 

This  is  a  programmed  lesson/  It  is  self -teaching ^  but  an 
instructor  will  always  be  on  hand  to  answer  any  questions 
that  you  may  have. 

The  program  is  set  up  in  the  following  manner: 

a.  It  contains  numbered  blocks  that  are  frames. 

b.  Each  frame  contains  the  following: 

1.  Information  to  teach  you. 

2.  A  way  for  you  to  see  if  you  learned  the  informa* 
tion.    This  may  be  writing,  filling  in  blanks, 
labeling    parts, or  solving  equations. 


c.  As  soon  as  you  finish  a  frame, you  can  see  if  you 
made  the  correct  ana^r^  by  looking  to  the  left  of 
the  next  frame.     If '  you  do  not  make  the  correct 
answer,  you  should  re -study  that  frame.     If  your 
answer  is  correct,  then  continue  working  the  lesson. 

d.  You  should  keep  the  correct  answers  covered  until 
you  have  made  your  answer.    The  correct  answers  can 
be  kept  covered  with  a  piece  of  paper  or  cardboard. 

e.  .  The  example  below  shows  how  this  program  is  set  up. 


1.    A  monomial  is  an  algebraic  expression 
of  one  term. 

An  algebraic  expression  that  contains 
one  term  is  a  . 


monomial 


2.    A  binomial  is  etc. 


The  program  is  written  with  instructions  all  the  way  through 
it.    Follow  these  instructions  very  carefully. 

Take  your  time.    Read  and  study  each  frame  very  carefully. 

GO  TO  THE  NEXT  PAGE  AND  START  THE  LESSON . 
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1.    The  equal  sign  separates  the  members  of 
an  algebraic  equation.    The  equal  sign 
is  labeled  in  the  equation  below. 

equal  sign 

y  +  3  O 

Label  the  equal  sign  in  the  equation 
below. 

2x  -  10 

equa 1  s  ign 
2x  -  10 

2.  The  first  member  of  an  algebraic  equa- 
tion is  all  the  letters  and  numbers  to 
the  left  of  the  equal  sign.    The  first 
member  is  labeled  in  the  equation  below. 

first  member 

Label  the  first  member  in  the  eauation 
below.  w 

x  +  3  *  3x  -  1 

x  +  3 

first  member 

3.    The  second  member  of  an  algebraic 

equation  is  all  the  letters  and  number! 
to  the  right  of  the  equal  sign.  The 
second  member  is  labeled  in  the  equa- 
tion below. 

second  member 

Label  the  second  member  in  the  equation 
below.  * 

x  +  3,-  3*  -  1 

» 

»  0 
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••cond  member 


4.    The  first  member  of  an  equation  it  to 
the  left  of  the  equal  sign.    The  second 
member  of  an  equation  is  to  the  right  of 
the  equal  sign.    Label  the  first  and 
second  members  of  the  equation  below. 

x  -  1  ■  y  +  z 


5. 


The  unknowns  of  an  algebraic  equation 
are  letters.    The  unknown  is  labeled  in 
the  equation  below. 

unknown 

w  +  6  -  9 

The  letters  in  an  equation  are  the 


In  the  equation  below,  there  are 
  unknowns. 

Label  the  unknowns  in  the  equation 
below. 

6x  -  4  -  3y  +  24 


unknowns 
two 

The  x  in  the 
first  member  an< 
y  in  the  second 
member  are  un- 
knowns.   If  you 
labeled  x  and  y 
unknowns,  you 
ar«  correct. 


Label  the  equation  Below  with  its  first 
member,  second  member,  equal  sign,  and 
unknown. 
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-  A,  unknown 
3.  equal  sign 

C.  first  member 

D.  second  member 

7.    Now  we  will  develop  a  definition  of  an 
algebraic  equation.    The  equal  sign 
means  that  both  members  of  an  equation 
are  equal  in  value;  in  other  words, 
there  is  equality  between  the  first  and 
second  members. 

Which  of  the  statements  below  is  cor- 
rect?   Circle  the  letter  beside,  your 
choice. 

a.  There  is  equality  between  the  first 
and  second  members  of  an  equation* 

b.  The  first  and  second  members  of  an 
equation  are  not  equal  in  value. 

a.  is  correct. 

If  you  selected 
bv  you  should 
re-study  frame  7. 

• 

8.    There  must  be  an  unknown  in  at  least  one 
member  of  an  algebraic  equation.  There 
can  be  more  than  one  of  the  same  unknown 
or  two  or  more  different  unknowns  in  an 
equation. 

Examples;  , 

4y  +  1  -  9       (y  is  the  unknown) 

4y  +  2  ■  9  +  y    (two  of  same  unknown) 

2y  -  4z  ■  7w  +  10°   (different  unknowns) 

Which  of  the  statements  below  is  cor- 
\      rect?    Circle  the  letter  beside  your 
\    choice.  J 

a.  There  must  be  unknowns  in  both 
members  of  an  algebraic  equation. 

b.  Tftere  must  be  an  unknown  in  at 
least,  one  member  of  an  algebraic 
equation.  r 
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b.  is  correct. 

If  you  selected 
a  v  you  ^  should 
re- study  frame  8 

* 

> 

9.     The  definition  we  have  developed  for  an 
algebraic  equation  is:    Equality  be- 
tween members  when    at  least    one  mem- 
ber has  an  unknown. 

An  algebraic  equation  must  have 

between  its  m^mh^T-R  At* 

.    least  one  member  of  an  algebraic  equa- 
tion must  have  an 

0 

equality 
unknown 

10.     Select,  from  the .statements  below,  the 
statement  that  defines  ari  algebraic 
equation.    Circle  the  lettejr  beside 

your  choice. 

a.    An  algebraic  expression  containing 
two  or  more  terms . 

•  b.    Equality  between  members  when  at 
j.east    one  memDer  nas  -an  unknown. 

c.    Some  unknown  quantity,  represented 
by  a  symbol,  that  is  multiplied  by 
.  itself. 

b.  is  correct. 

If  you  selected 
a.  or  c,  re-stu- 
dy frame  9. 

11.    The  Golden  Rule  of  algebra  is  that  you 
can  do  anything  to  one  member  of  an 
equation  if  you  do  the  same  thin*  to 
the  other  member . 

In  other  worcfs,  if  you  performed  any 
one  of  the  four  operations:  addition, 
subtraction,  multiplication,  or  divis- 
ion, to  one  member,  then  you  must  per- 
form the                            ooeration  to 
the  member. 

TV 
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a.  is  correct. 

If  you  selected 

b.  ,  re- study 
frames  11  and 
12. 


12. 


Doing  the  same  thing  to  both  members  of 
an  algebraic  equation  is  the  Golden 
Rule  of  algebra.    The  equations  below 
are  examples  how  the  Golden  Rule  is 
used  to  solve  equations. 


a.    By  addition 

y  -  4  -  10 
4-4 

y  *  14  " 


b.    By  subtraction 
x  +  6  -  10 
x-  4 


Which  of  the  statements  below  is  cor- 
rect? "  Circle  the  letter  beside  your 
choice. 

a.  The  same  thing  was  done  to  both 
members  of  equation  a. 

a 

b.  A  different  thing  was  done  to  both 
members  of  equation  a. 


13. 


You  can  also  do  the  same  thing  to  both 
members  of  an  algebraic  equation  as 
shown  below. 

a.    By  multiplication   b.  By  division 


f  -  10 


a  v  4 
4"  T 


iP-*  4 


2z  -  10 

2z  m  10 
T  T 

z  -  5 


a 


40 


Which  of  the  statements  below  is  cor- 
rect?   Circle  the  letter  beside  your 
choice.  ^ 

a.  A  different  thing  was  done  to  both 
members  of  equation  b. 

b.  The  same  thing  was  done  to  both 
members  of  equation  b. 
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1  b,  /is  correct. 

If  you  selected 
a, ,  re-study 
frames  11,  12, 

and  13.  % 

A.  H 

14.    Select,  from  the  statements  below,  the 
jr      statement  that  describes  the  Golden 
$       Rule  of  algebra.    Circle  the  letter  be- 
side your  choice. 

a.  Factors  of  an  equation  are  multi- 
plied together  and  give  the  original 
equation. 

b.  Take  a  term  from  one  member  of  an 
equation,  across  the  equal  sign^and 
change  its  operation. 

c.  You  can  do  anything  to  ^Sne  member  of 
aa  equation  if  you  will  do  the  same 
thing  to  the  other  member. 

c.  is  the  cor- 
rect statement 
and  should  have 
been  your 
choice. 

15.    Transposition  is  a  process  where  posi* 

tive  (+)"Or  negative  (-)  terms  are  moved 
from  one  member  of  an  equation  to  the 
other  member. 

The  process  of  moving  terms  from  one 
member  to  the  other  member  of  an  equa- 
tion is 

transposition 

16.    When  a  term,  preceded  by  a  plus  sign,  is 
transposed,  the  sign  of  the  term  must  be 
changed  to  minus. 

Example:    2z  +  2  *  10 

Beccpes  2z  33  10  -  2  after  the  term  +2  is 
transposed.  The  sign  of  the  term  was 
changed  from  plus  to 

minus 

• 

o 

*> 

i  — 

17.    When  a  term,  preceded  by  a  minus  sign, 
is  transposed,  the  sign  of  the  term 
mtrat  be  changed  to  plus. 

Example:    4y  -  8  *  4 

Becomes  4y  a  4  +  8  aftes  the  term  -8  is 
transposed.   The  sign  of  the  term  was 

changed  from  minus  to 
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r 

plus 

18.    Would  the  equation  5x  +  4  »  20,  look 
like  this,  5k  •20-4,'  after  the  +4 
has  been  transposed? 

Answer  ____ 

Yes,  because  a 
transposed  +4 
must  become  a 

19.    Would  the  equation  3y  -  5y  +  10,  look 
like  this,  3y  +  5y  -  L0,  after  the  +5y 
has  been  transposed? 

Answer 

Mo,  it  would 
look  like  this, 
3y>-  5y  -  10. 
^Wnen  the  5y  is 
transposed,  it 
must  be  changed 
to  -5y. 

i 

20.    Select,  from  the  statements  below,  the 
statement  that  describes  transposition. 
Circle  the  letter  beside  your  choice. 

a .  Any  term  preceded  by  a  pJLjjs  or  minus 
sign  may,  be  moved  from  one  member  of 
an  equation  to  the  other  member  if 
the  sign /of  the  term  is  changed. 

b.  Any/ term  preceded  by  a  plus  or  minus 
sign  may  be  moved  from  one  member  of 

j        an  Equation  to  the  other  member  if 
^     the^sign  is  kept  the  same. 

c.  Any  term  preceded  by  a  plus  or  minus 

si.cn  ma v  bs  moved  from  nnp  ni*»Tnh«»T"  nf 

an  equation  to  the  other  member  &f 
all  unlike  terms  are  changed. 

tr  . 

a.  is  the  best . 
statement  and 
should  have  been 
your  choice, 

* 

21.    Factors  can  be  moved  from  one  side  of 
the  equal  sign    of  an  equation    to  the 
other  side  if  the  indicated  operation 
for  the  factor  is  changed. 

When  a  factor  is  moved  across  the  equal 
sign  of  an  equation,  you  must  change  the 

for  tha 

factor. 

c 
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indicated 
operation 

22.    When  a  factor  indicates  the  operation 
of  multiplication  on  one  side  of  the 
equal  sign  and  you  move  it  across  the 
equal  sign,  the  indicated  operation  * 
must  be  changed  to  division. 

Example:    2z  ■  14 

Becomes       z  ■       after  the  factor  2  is 

moved  across  the  equal -sign;  the  indi- 
cated operation  for  the  factor  was 
changed  from  multiplication  to 

->  • 
\ 

division 

I 

\ 

■s 

23.    Whjen  a  factor  indicates  the  operation 
of  division  on  one  side  of  the  equal 
sign  and  you  move  it  across  the  equal 
sign,  the  indicated  operation  must  be 
changed  to  multiplication.  c 

Example:    I-  •  10  " 

Becomes  a  -  10(4)  after  the  factor  4  is 
moved  across  the  equal  sign;  the  indi- 
cated operation  for  the  factor  was 
changed  from  division  to 

multiplication 

24.    Would  the  equation  2x  -  16  look  like  * 
this:    x  -m        after  the  factor  2  has 

been  moved  across  the  equal  sign? 

Answer 

X  . 

Yes,  because  the 
2x  indicates  x 
multiplied  by  2 
before  it  is 
moved.  After 
the  factor  2  is 
moved  across  the 
equal  sign,  it 
must  indicate  16 
divided  by  2. 

-25.    Would  the  equation  g.  ■  2,  look  like  this: 

z  "  2(4),  after  the  factor  4  has  been 
moved  across  the  equal  sign? 

Answer  mmmm_m  ' 

r 

> 
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'  Yes. 


a.  and  d.  are 
correct  and 
should  be  ycur 
choice 8 • 
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26.    Select,  from  the  statements  below,  the 
statements  that  best  describe  how  fac- 
tors are  'moved  from  one  side  of  an  equa- 
tion to  the  other.    Circle  the  letter 
beside  your  choices. 

a.  A  factor  that  indicates  multipli- 
cation on  one  side  of  the  equal  sign 
may  be  moved  across  the  -equal  sign 
if  you  change  the  indicated  opera- 
tion to  division. 

»  '  • 

b.  A  factor  that  indicates  multiplica- 
tion on  one  side  of  the  equal  sign 
may  be  moved  across  the  equal  sign 
if  you  change  the  indicated  opera- 
tion to  addition. 

c.  A  factor  that  indicates  division  on 
one  side  of  the  equal  sign  may  be 
moved  across  the  equal  sign  if  you 
change  the  indicated  operation  to 
subtraction. 

d.  A  factor(  that  indicates  division  on 
one  side  x6i  the.,  equal  sign  may  be 
moved  across  the -equal  sign  if  you 
change  the  indicated  operation  to 
multiplication. 


27.    There  are  four  (4)  conditions  that  must 
be  met  when  solving  algebraic  equations. 
One  ol  the  conditions  is:    All  terms 
that  contain  the  unknown  must  be  on  one 
side  of  the  equal  sign.    All  otEer  terms 
must  Be  on  the  other  side  of  the  equal 
sign, 

Example:    2x  -  10-12  -  9x 

Becomes  9x  +  2x  «  XI  +  10  when  all  terms 
containing  the  unknown  are  on 

 ••  side  of  the  equal  sign. 
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one 


collected 

combined 
(any  order) 


coefficient 


one 


ERIC 


Another  condition  that  must  be  met  it: 
All  like  terms  must  be  collected  or 
combined. 

Example:    9x  +  2x  ■  12  +  10 

Becomes  llx  ■  22  when  all  like  terms 
have  been    or  


29. 


Still  another  condition  that  must  fee 
met  is:    The  coefficient  of  the  unknown 
must  be  one  (l) . 


Example:  llx 
Becomes  x 


22 


and  the  unknown  now  has 
  of  one. 


30. 


Still  another  condition  that  must  be 
met  is:    The  exponent  of  the  unknown 

must  be  one  (1). 

2 


Example:  x 


100 


Becomes W  x*  ■  ✓loo,  when\you  indicate 
that  the  root  of  bbth  members  is  to  be 
extracted. 

Thus j  x  ■  10  and  the  unknown  now  has  an 
exponent  of  ••■ 


31.    Now  let's. solve  the  equation:! 

8y2  -  6  -  4y^  +  10.    First,  we  must  move 
all  terms  containing  the  unknown  to  one 
side  of  the  equation,  and  all  other  terms 
to  the  other  side,    the  equation  now 
looks  like  this: 


8y2  .  *4y2  .  io  +  6. 


Thus,  we  have  all  tenths  containing  the 
unknown  on  side  of  the 

equation. 


6.13 


4 


§0£ 
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one 


32.    The  next  condition  to  be  met  in  solving 

the  equation  8y2  -  4y2  -  10  +  6,  would 
be  to  collect  or  combine  all  like  terms. 

The  equation  would  become:    4y2  -  16, 
after  we  have  collected  or  combined  all 


terms. 


like 


33*    The  next  condition  to  be  met  in  solving 

.  the  equation  4y2  m  16,  would  be  to  re- 
duce the  coefficient  of  the  unknown  to 
one . 


The  equation  would  become 
y2  -  4,  and  the  


_  16  _ 
of  the  un- 


known has  been  reduced  to 


coefficient 

oi?<% 


34.    There  is  still  one  more  condition- to  be 
met,  because  the  equation  y2  *  4  pas  an 
unknown  with  an  exponent  of  more  than 
one.    Let's  reduce  the  exponent  to  one 
by  taking  the  root  of  both  members  of 
the  equation. 

Thus.  •  v4»  becomes  y  *  2  after  tak- 
ing the  root  of  both  members  and  th*f 

*  ,  of  the  unknown  is  now  * 


9 
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35.    Select,  from  the  statements  below,  the 
statements  that  describe  the  conditions 
to  be  met  when  solving  algebraic  equa* 
tions.    Circle  the  letter  beside  your 
choices. 

a. 

The  unlike  terms  must  be  collected 
or  combined.  ^ 

b. 

The  coefficient-  of  the  unknotm 
must  be  reduced  to  one. 

c. 

The  unknown  muse  be  on  both  sides 
of  the  equation. 

-  4. 

The  like  terms  must  be  collected 
or  combined. 

e. 

The  exponent  pf  the  unknown  must 
be  reduced  to  one. 

f. 

The  coefficient  of  the  unknown 
can  be  more  than  one. 

g. 

The  exponent  of  the  unknown  can 
be  more  than  one. 

h. 

The  unknown  must  be  on  one  side 
-of  the  equation. 

b . , d . , e . ,  and 
h .  are  the 
correct  state* 
ments. 

* 

If  you  missed  any  of  the  conditions  to 
be  met  when  solving  equations,  you 
should  go  back  and  re* study  all  frames 
from  number  27  to  35.     If  you  got  all 
the  conditions,  then  you  can  go  to  the 
next  page  and  start  solving  equations. 

>  - 

/ 

T3 


0 
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The  answers  for  the  equations  in  frame  36  are  shown  below. 
The  transposition  method  of  solving  is  shown  but,  if  you  used 
the  Golden  Rule  and  got  the  correct  answer,  it  is  all  right. 

A.    4x  +  1  -  5 
4x  -  5  -  1 
4x  -  4 

X  -  j  1 

X  -  1 

D.    2z  +  2  -  10 
2z  -  10  -  2 
2z  -  8 

*   Z  ■  4 

B.    4y  -  8  -  10 
4y  -  10  +  8 

4y  =»  18 

E.    7r  +  4  -  81 
7r  -  81  -  4 
7r  -  77 

y  <*  4£  or  y  ■  4.5 

r  •  11 

C.    3z  +  4  -  16 
3z  -  16  -  4 
3z  -  12 

z  "^4 

F.    Z2  -  4  -  12 
Z2  -  12  +  4 

Z2  -  16 

a  "  4 

z  -  4 

6r;! 
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37.    Solve  the  equations  below. 


A.    16r  +  4  -  lOr  +  6 


D.    2z  +  4  -  z  +  12 


B.    4x  -  5  ■  0  +  x 


C.    14w  +  6  -  "4  ■  2w  +  28  -  2 


E.    8z2  -  6  -  4z2  +  10 


F.    9y  +  4  -  y  -  30  +  10 


u 


9 
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The  answera  for  the  equations  in  frsms  37  are  shown  below. 
The  Golden  Rule  method  of  solving  is  shown  but,  if  you  used 
transpositibn  and  got  the  correct  answer,  it  Is  all  right. 


A. 


16r  +  4  -  lOr  + 
-lOr  -  4    -lOr  - 

or 


.  2 


r  -  1/3 


1/3 


D. 


2a  +  4 

8 


B  + 


12 
4 


8 


D. 


4x  -  5  ■  0  +  x 

T*  ±  ?  +?  -  * 
3x  -5 


5 


J1! 


B.    8i2  -  6  -  4s2  +  10 

'.fill  +  6   -4«2  +  6 
4?       -  16 

a2  -  4 
s  -  2 


C. 


14w  +  6 
14w  +  2 
-2w  -  2 
12w 


•  4  ■  2w  + 
'  2w  +  26 
-2w  -  2 

24 

•  & 
T7 

J* 


28  -  2 


P. 


9y  +  4 
9y  +  4 

:t  -  4 

By 


y  -  30  +  10 

y  -  2a 

■v  -  4 
-24 


1F-H1 


-3 


w 


-3 


TJOtE 


If  you  had  trouble  with  frames^  and  37,  go  back  to  frame  31 
and  re-atudy  all  frames  to  this  one  before  going  ahead  with 
this  lesson. 
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38.    In  order  to  solve  algebraic  equations 
that  contain  signs  of  grouping,  you 
must  remove  the  signs  of  grouping  in 
the  first  steps. 

When  solving  algebraic  equations  that 
contain  signs  of  grouping,  you  must 


first  remove  the 


innermost 


(w  -  2)  should 
have  a  circle 
drawn  around  it. 


39.    When. removing  the  signs  of  grouping, 
you  must  remove  the  innermost  sign  of 
grouping  first.    As  you  remove  the  signs 
of  grouping,  remember  to  apply  the  laws 
of  signed  numbers. 

The  first  sign  of  grouping  to  be  re- 
moved when  solving  algebraic  equations, 
is  the  .  one. 

Draw  a  circle  around  the  innermost  sign 
of  grouping  in  the  equation  below. 

5-24  -[w  -  18(w  -  2)] 


40.    In  the  equation  below,  the  innermost 

sign  of  grouping  is  the  parentheses  (  ). 
Therefore,  the  parentheses  are  the  first 
sign  of  grouping  to  be  removed. 

Remove  the  (  )  in  the  equation  below 
and  apply  the  laws  of  signed  numbers. 

-t'y  -  5[2y  +  2(y  -  5)1  +  4)  -  -16 


§11 


\ 
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-{y-5[2y+2y-10] 
+4 J  -  -16 

As  vou  can  see. 

the  quantity 
(y-5)  was  multi- 
plied by  +2  and 
the  result  is 
+2y,-  10. 

41.    How  the  innermost  sign  of  grouping  is 
the  brackets  [        Therefore,,  the  brac- 
kets are  the  next  sign  of  grouping  to  be 
removed  and  vou  must  aoolv  the  laws  of 
signed  numbers  as  you  do  so. 

Remove  the  [  p  in  the  equation  below. 

•  (y  -  5[2y  +  2y  -  10]  +  4]  -  -16 

■ 

-{y-10y-10y+50 
+41  -  -16 

The  quantity 
[2y+2y-10]was 
multiplied  by 
-5  and  the  re- 
sult is 
-10y-10y+50. 

42.    This  leaves  you  with  one  more  sign  of 
grouping  to  be  removed.    It  is  the 
braces  I  j. 

Remove  the  (  )  in  the  equation  below.  ■ 

-(y  -  lOy  -  lOy  +  50  +  4)  -  -16 

\ 

-y+10y+10y-50-4 
-  -16 

In  this  step,  tt 
everything  in- 
sloe  the  braces 
was  multiplied 
by  the  under- 
stood -1  that 
precedes  the 
braces. 

43*    Now  that  you  have  removed  all  the  signs 
of  grouping,  finish  solving  the  equa-  * 
tion  below. 

*  -y  +  lOy  +  lOy  - "50  -  4  -  -16 

19y  -  -16+50+4 
19y  =  38 

y  *-<||2 

y  -  2 

REVIEW 

WHEN  SOLVING  EQUATIONS  THAT  CONTAIN  SIGNS  OF 
GROUPING,  ALWAYS  REMOVE  THE  INNERMOST  SIGN  OF 
GROUPING  FIRST  AND  WORK  OUTBOARD  IN  EACH 
SUCCEEDING  STEP  UNTIL  ALL  SIGNS  OF  GROUPING 
ARE  REMOVED  FROM  THE  EQUATION.    REMEMBER  TO 
APPLY  THE  LAWS  OF  SIGNED  NUMBERS  AS  YOU  RE- 
MOVE THE  SIGNS  OF  GROUPING. 

<r 
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44.    Solve  the  equations  below. 

rs 

A.    3(y  -  2)  -  9^ 

!"  . 

B.    4 (a  +  3)  -  2(24  -  a) 

» 

0 

C.    5-24  ^[w^-  18(w  -  2)] 

- 

D.    -3[m  -  8(m  +  2)  -  41  -  34 

1 

o 

ERIC 
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The  answers  for  the  equations  in  frame  44  are  shown  below. 
The  transposition  method  was  used  to  solve  the  equations. 


A. 


ERIC 


V 


B.^  4(a  +  3)  -  2  (24  -  a) 

NOTE 

4a  +  12    -  48  -  2a 

4a  +  2a    -  48  -  12 

If  you  had  trouble  with 

6a    -  36 

any  of  the  equations  in  * 

frame  44,  you  should  go 

back  to  frame  38  and  re* 

a    -  6 

a 

study  all  frames  to  this. 

C.    5  -  24  -[w  -  18(w  -  2)] 

one  before  you  go  ahead 

5  -  24  -[w  -  18w  +  36] 

with  this  lesson. 

5  -  24  -  w  +  18w  -  36 

<  * 

5  -  24  +  36  -  18w  -  w 

17  -  17w 

o 

%» 

1  -  w 

0 

D.     -3[m  -  8(m  +  2)  -  4]  -  34 

-3fm  -  8m  -16-41-34 

-3m  +  24m  +48+12-34 

-3m  +  24m  -  34  -  48  -  12 
-    21m  -  -26 


m 


m 


-26 
"IT 

,  5 
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45.    Some  equations  are  of  a  fractional 
type. 

Example:^   ■  4 

This  could  be  written    i|   ■  4  or 
stated  one-sixth  of  z  equals   


four  (4) 


,46.    To  solve1  the  equation,  ^     ■  4,  you  must 
^   (first  change  the  fraction  |   to  a  whole 

number.  To  do  this,  you  indicate  multi- 
plication of  both  sides  of  the  equation 
by  the  denominator  of  the  fraction. 


(6)f 


4,(6) 


In  order  to  solve  a  fractional- type 
equation  you  must  first  change  the 

 "  to  a  whole   


fraction 
number  * 


47.    After  you  indicate  that  you  multiply 
both  sides  of  the  equation  by  the 
denominator  of  the  fraction, you  must 
cancel  or  perform  the  indicated  opera- 
tion as  shown  below.  " 


(6)  | 


4  (6) 


thus,  z  -  24 


The  fraction,  in  a  fractional- type 
equation,  is  changed  to  a  whole  number 
by  multiplying  both  sides  of  the  equa- 
tion by  the  of  the 

fraction. 


4 
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denominator 

» 

> 

48,    To  solve  the  fractional  equation, y  ■  1, 
you  must  first  multiply  both  sides  of 

the  equation  by  the  denominator  of  the 

fraction.    The  indicated  multiplication 

is  shown  below.  " 

(5)  pi  (5)  C 

The  first  step  to  perform  when  solving 
the  equation  above  is  to 
both  sides*  of  the  equation  by  the 
of  the  fraction. 

multiply 

49.    After  you  have  indicated  that  both 

denominator 

sides  of  the  equation,  j  ■  1$  must  be 

multiplied  by  the  denominator  of  the 

* 

fraction, you  can  cancel  the  fives  to 

the  left  of  the  equal  sign  and -multiply 

the  one  (1)  times  five  to  the  right  of 

the  equal  sign  as  shown  below. 

(i)  &   ■  1  x  5    "thus,  c  »  5 
p 

The  indicated  multiplication  to  the 

left  of  the  equal  sign  in  the  equation 

* 

above  can  be  ^ 

< 

625 

!_  .   Page  23 


cancelled 

• 

50.    Solve  the  equation  below.  1 

*-* 

^  ^^^^X^^  

W  J, -4(6) 
t  -  24 

. .  <? 

51.    Now  you  will  study  the  steps  to  perform 
when  solving  more  complex  fractional 
type  equations.    For  example,  let's 

solve  the  equation  33-12-9.    In  the 

first  step,  you  can  transpose  the  term 
-       -12  and  the  equation  becomes:  3jS  -  9+12. 

The  term  -12  became  a  +12  after  it  was 

* 

transposed 

52.    After  you  have  transposed  the  term  -12, 
you  can  combine  like  terms  and  the 

equation  will  he  ^  -  21.    The  next 

step  is  to  multipljr  both  sides  of  the 
equation  by  the  denominator  as  shown 
below. 

(4)  ^  -  21  <4) 

The  equation  above  indicates  multipli- 
cation, by  the  denominator,  on 

*       aide*  of  the  eauation. 

> 

-  \  626 
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both 

» 

53.    The  indicated  multiplication  to  the 

left  of  the  equal  sign  in  the  equation 

(4)  ^  -  21  (4)    can  be  cancelled  and 

the  equation  is    3x  ■  21  x  4,  or 
3x  ■  84.    The  next  step  is  to  reduce 
'  the  coefficient  of  the  unknown  to  one. 
as  shown  below. 

x  -  ^=-,  thus,  x  -  28.                        x  , 

The  unknown,  in  the  equation,  x  •  28, 
now  ha 8  a                         of  one  and  the, 

equation  ^p-  -  12  -  9,  is  solved. 

€ 

coefficient 

•  / 

r 

54.    Solve  the  equation  below, 
+  8  -  12  \ 

< 

a 

4 

<79 


^  -  12  -  8 

^  -  4(3) 
6p  -  12  /• 

p  -  2 

• 

55.    A  more  complex  fractional-type  equation 
to  solve  is  one  in  which  you  must  find 
the  LOWEST  COMMON  DENOMINATOR  as.  the 
first  step. 

Example            ■  j 

The  lowest  common  denominator  in  the 
example  above  is  2x. 

When  solving  fractional- type  equations 
that  contain  two  or  more  different  de- 
nominators, the  first:  atets  in  to  Ho. 

termine  the  t. 

denominator. 

c                                            i  ' 

lowest 

■j 

common 

56.    Once  you  have  determined  the  lowest 

common  denominator you  must  then  multi- 
ply all  the  terms  in  the  equation  by 
that  value. 

Example:     (2x)  1  +  (2x)2  -  (2x)l 
2  x 

All  terms  in  the  above  equation  must  be 
multiplied  by  the  common 

lowest 
denominator 

57.    After  you  have  ther multiplication  of 
all  the  terms  by  the  lowest  common  de- 
nominator indicated, ^you  can  cancel  like 
values  in  each  of  the  fractional  terms. 

Example:     C*x)l  +  (2x)2  -  (2^)1 
Thus,  x  +  4x  -  2. 

Like  values  of  the  fractional  terms  can 
be 
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cancelled 

58.    What       the  lowest  common  denominator  ^ 
in  the  equation  below?  , 

1  +  4.1 

X     x  4 
Answer 

59.    After  you  have  determined  the  lowest 
common  denominator,  you  must  multiply 
all  the  terms  by  that  value. 

type  equation  are  multiplied  by  the 

%  ' 

tr 

• 

lowest 
I  common 
denominator 

V 

<> 

REVIEW  / 

THE  EQUATION  BELOW  SHOWS  THE  STEPS 
TO  PERFORM  WHEN  SOLVING  FRACTIONAL- 
TYPE  EQUATIONS. 

1  +  4.1 

x     x  4 

x4x  is  the  lowest  common  denominator. 
(4x)2  .  (4x)4  .  (4x)l 

x       x  *r 

(4/)  1  +  7(4/)4  .  tfx)  1 
(4)2  +  (4)4  -  (x)l 
24  -  x 

t  - 

I 
I 

I 

60.    Solve  the  equation!  belov. 

— >                           -  '  / 

A.    ^  -  10  / 

/ 

.  / 

• 

/ 

c. 

X 

7 

■  I  ■ 

/ 

r  ? 

/ 

/ 

\ 

"  i 

/ 

/ 

x 

B.    a  +  \  -  $  . 

D. 

4 

7 

1  ^ 

t 

* 

% 

0 

1 

» 

ERIC 
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I  The  answers  to  the  equations  In  frame  60  are  shown  below. 

A.  ^-10 

(5)2R  .  10(5) 

1  ' 

j                 .  i0(5) 

I             2R  »  50 

1  25 
I            'yr  -  "57 

1              R  -  25 

1  c.  1 

x     1     x  +  2  1 

U2;x  -  (12)1  -  (12)x  +  (12)2 

'  1 

643  I 
<J*)x  -  (Jim  -  Of)x  +  (12)2  1 

6x  -  4  •  3x  +  24  1 

6x  -  3x  -  24  +  4  1 
3x  -  28  1 

■        ^  1 

x  ■  9^  1 

'   *  1 

|B.    a  +  l,^ 

1        (4)a  +  (4)1  m  (4)^. 

j        (4)a  +  ^ja_ 

I               4a  +  2  -  3a 
1               4a  -  3a  -  -2 

1                       v  | 

D.    4  -  i  +  1  1 
4-1-1  1 

3  -I  1 

y  1 

(y)3  -  J:  (y)  I 

3y  -  1 

^    3  1 

1 

63i 

ERIC 
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61.    A  formula  varies  from  the  general  form 
of  algebraic  equation!  in  that  symbols 
are  uaed  to  represent  definite  variables. 

An  equation  that  hai^ jymbols  to  repre- 
sent definite  variables  is  a 

formula 

62.    Symbols,  usually  letters,  are  used  in 

formulas  to  represent  definite  variables 

or  words. 

Definite  variables  or  words  are  repre- 
sented in  formulas  bv 

symbols 

0 

63.    The  area  (A)  of  a  rectangle  is  equal  to 
the  product  of  its"  base  (b)  times  the 
altitude  (h).    This  statement,  written 
as  a  formula,  is   A  ■  bh.    You  can  solve 
for  (b)  by  using  either  method  shown 
below. 

A  -  bh                         A  -  bh 
A     .                           A  „  bh 

or                          A  _  bif' 

A                 K  Jr 

b  -  a 

h                           A  „  b  or  b  ■  | 

h 

Solve  for  (h)  in  the  formula  A  -  bh. 
Use  either  method  you  prefer. 

V 

J 

0 
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I  A  -  bh 
I  F  "  h 

1  The  me' 
I  solving 
I  are  sh« 

A  -  bh 

A  bh 
F  T" 

A  «  /Mi 
F  jST 

r- h 

thods  of 
1  for  h 
jwn  above. 

64.    The    commonest    formula  in  electricity 
is  Ohm's  Law.    A  variation  of  Ohm's  lav 
is    E  -  I  x  R,    This  means  that  to  find 
the  value  of  E,  you  must  multiply  I 
times  R. 

Solve  for  I  in  the  formula  E  ■  I  x  R, 

I  E  -  I  KR 

1  B  _  I  X  R 
1  ff  "k" 

65.    Solve,  for  R  in  the  formula  E  -  I  x  R. 

1  E  -  I  X  R 
1  E  _  I  X  R 

T  "  1 

1  e  «^ir^x  r 
T  "J! 

l-» 

66.    In  the  formula,  Rt  -  R^  +  R2  +  R3,  if 
you  solved  for  Ri,  the  formula  would 
look  like  this,  Rj  -  Rt  -  R2  -  R3. 
Use  the  same  formula  and  solve  for  Rj. 

— — — — — 

ERLC 
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R~  «  Rfc  -  Ri  -Ro 

or 

Re  -  Rx  -R2  -  R3 

67.    The  formula  for  finding  the  area  of  a 
triangle  if   A  *  1/2  bh.    To  solve  for 
h,  would  the  formula  look  like  this? 

Answer  fimmmmmmBm 

(2)A  -  |bhC2) 
2A  -  bh 
2A  m]Sb. 

r  y 

^  -  h 

68.    In  formulas,  the  exponent  of  the  unknown 
must  be  reduced  to  one  (1)  before  the 
equation  is  solved.    You  reduce  the 
exponent  to  one  bv  taking  the  root  of 
each  member  as  shown  below. 

E2  -  PR 

c7 

E      «  i/W~ 

When  solving  formulas  that  contain  terms 
with  exponents  of  more  than  one,  you 

muoc  reauce  cne                         co  one 

by  taking  the                         of  both 
members. 

exponent 

root 

69.    A  power  formula  of  electricity  looks 

like  this,  P  -  I*R.    If  you  solved  for 
I,  would  the  formula  look  like  this? 

Answer  mmmmmmmm 

634 
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No,  it  would 
look  like  this: 

because  the  root 

of  1?  can  be  ex- 
tracted, but  the 
root  of 

y  H  cannot  □ 

70.    The  formula  for  finding  the  volume  of  a 
a  cone  it   V  ■  rah  ,    when  solved  for 

h,  does  the  formula  look  like  this? 
h  m  22L. 

a 

Yea, 

(3)7  -  E^tfL 

3V  -  Tr2  h 

3V    mSF*  h  ~ 

at-. 

•snr  • 

REVIEW 

TWO  METHODS  OF  SOLVING  FOR  R  IN  THE 
FORMULA    .      Rm  ARE  SHOWN  IN  THE 

L  "IT 

EXAMPLES  BELOW. 

L  "  ¥                      L  "  TT 
KL  ■  Rm                     (K)L  - 

~  ■  R                       KL  ■  Rm  N 
m 

or                          KL  .  Rm" 

»      KL                       m  ^ 

Si  -  R 
m 

or 

R  -Si 

m 

"7 

o  6  3  j 

ERIC 


71.    Solve  the  equations  below. 


A.    Solve  for  B. 
17  »  Bh 

T 


i.    Solve  for  ?2< 
vlpl  "  v2p2 


C.    Solve  for  s. 
Fs 


0.    Solve  for  B. 
C2  *A2  +  B2 


E.    Solve  for  t. 

4  2 
a  *  At 
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The  answers  to  the  equations  in  frama  71  are  shown  balov.  1 

A.  gV  ■  ~ 
3V  -  Bh 

'  \ 

D*    C2  -  A2  +  B2  1 

C2  -  A2\  -  B2  1 

✓c2  -  d  -  B  I 

B.    VxPx  -  V2P27 

E.    ■  -  Atj  1 
2»-At2  1 

hp550t  -  ?• 

hp550t  _  . 
P  8 

0 
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SELF-TEST  FOR  ALGEBRAIC  EQUATIONS 


2.    Select,  from  the  statements  below  i  the  statement  that 
defines  an  algebraic  equation.    Circle  the  letter  beside 
your  choice. 

a/    Some  unknown  quantity  represented  by  a  symbol  that 
'    is  multiplied  by  itself. 

b.  An  algebraic  expression  containing  two  or  more  terms. 

c.  Equality  between  members  when  at  least  one  member  has 
an  unknown. 

3*    Select j  from  the  statements  below,  the  statement  that  de- 
scribes the  Golden  Rule  of  algebra.    Circle  the  letter 
beside  your  choice. 

a.  Take  a  term  from  one  member  of  an  equation,  across 
the  equal  sign* and  change  its  operation. 

b.  You  can  do  anything  to  one  member  of  an  equation  if 
you  do  the  same  thing  to  the  other  member. 

c.  Factors  of  an  equation  are  multiplied  together  and 
give  the  original  equation. 


9 

ERIC 
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4.  Select ,  from  the  statements  below,  the  statement  that 
describes  transposition.    Circle  the  letter  beside  vour 
choice.  9 

a.  Any  term  preceded  by  a  plus  or  minus  sign  may  be 
moved  from  one  member  of  an  equation  to  the  other 
member  if  the  sign  is  kept  the 

b.  Any  term  preceded  by  a  plus  or  minus  sign  may  be 
moved  from, one  member  of  an  equation  to  the  other 
member  if  the  sign  of  the  term  is  changed. 

c.  Any  term  preceded  by  a  plus  or  minus  sign  may  be 
moved  from  one  member  of  art>  equation  to  the  other 
member  if  all  unlike  terms  are  changed. 

5.  Select,  from  the  statements  below,  the  statements  that 
describe  how  factors  are  moved  from  one  sfde  of  an 
equation  to  the  other.    Circle  the  let*-«r/) beside  your 
choices.  9 

a.  A  factor  that  indicates  division  on  one  side  of  the 
equal  sign  may  be  moved  across  the  equal  aign  if  you 
change  the  indicated  operation  to  subtraction. 

b.  A  factor  that  indicates  multiplication  on  one  side 
of  the  equal  sign  may  be  moved  across  the  equal  sign 
if  you  change  the  indicated  operation  to  division. 

c    A  factor  that  indicates  division  on  one  side  of  the 
equal  sign  may  be  moved  across  the  equal  sign  if  you 
change  the  indicated  operation  to  multiplication. 

d.  A  factor  that  indicates  multiplication  on  one  side 
of  the  equal  sign  may  be  moved  across  the  equal  sign 
if  you  change  the  indicated  operation  to  addition. 
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6.  Select,  from  the  statements  below,  the  statements  that 
describe  the  conditions  to  be  met  when  solving  algebraic 
equations.    Circle  the  letter  beside  your  choices. 

The  unlike  terms  must  be  collected  or  combined^ 

b.  The  coefficient  of  the  unknown  must  be  reduced  to  one. 

c.  The  unknown  must  be  on  one  side  of  the  equation. 

d.  The  exponent  of  the  unknown  can  be  more  than  one. 

e.  The  coefficient  of  the  unknown  can  be  more  a than  one. 

f.  The  exponent  of  the  unknown  must  be  reduced  to  one.  f 

g.  The  like  terms  must  be  collected  or  combined. 

h.  The  unknown  must  be  on  both  sides  of  the  equation. 

7.  Solve  the  equations  below.  „ 

a .    8a  -  40  b.    23  -  10w 


0 


Xt 


c.    2r  -  10  -  16  d.    2z  +  2  -  10 


64u  • 


\ 


rage  3*   '  — 

3*    Solve  the  equations  below. 

a.    5x  -  3x  +  10,  b.    2x2  -  10  -  190 


c.    4e  -  2e  +  8 


9.    Solve  the  equations  below, 
a.    16  -  2(t  +  3) 


a 


c.    6(2x  -  1)  -  3(x  +  4) 


d.    6x  +  4  -  5  +  x  +  4 


b.    2  +  3(x  -  6)  -  11 


d.    [-x  +  18(x  +  2)]  -  53  ' 


10.    Solve  the  equations  below. 


a 


•    If-  6 


b.  4-1 


+  2 
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c.    4  +  7 


11.    Solve  the  equations  below. 

a.    Solve  for  R2.  b.    Solve  for  R. 

RT  -  R!  +  R2  +  R3  E  -  I  x  R 


c.    Solve  for  I. 
p  .  t2 


d.    Solve  for  b. 


ANSWERS  TO  SELF-TEST  ARE  INSIDE  COVER  PAGE 
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Sheppard  A1r  Force  Base,  Texas  76311 


NOMOGRAMS 


OBJECTIVE 

Explain  the  use  of  Nomograms. 


INTRODUCTION 

This  study  guide  Mas  prepared  to  asstst  1n  the  calculations  of  complex  problem. 
As  Cardiopulmonary  Laboratory  Technicians  you  will  be  required  to  calculate  complex 
problems.   This  task  1$  made  easier  by  the  use  of  nanograms.  A  basic  knowledge  of 
the  type$%id  uses  of  nomograms  1s  essential  to  you  as  CP.  Techs. 
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INFORMATION 

1.   B@dy  Surface  Area  Nomogram 

a.   The  following  nemegram  is  used  te  calculate  the  body  surface  area  ©f  year 
patient. 

OUtOIS  BODY  SURFACE  CHART 
(As  prepared  by  Baathby  and  Sandlfcrd  af  tha  Maya  Clinic) 


y<r-r 


l'r  35 


&A 

2.7 
£.6 

2.S-1 
2.4 
2.3 -i 

2.2  -f 

2.1 
2.0 -§ 

».5-i 


1 53 

I  1.6  -4 

s  1.4^ 
<  : 

1.0^ 


06- 


DIRECTIONS 

To  find  body  turfee  of  a  patient.  loceu  the 
meters )       scale  I  and  the  weight  in  eeiinde 
end  place  a  straight  edge  (ruler)  between  thee* 
sect  Scaie  111  at  the  pe^eni'e  iurfaee>  area. 


JSC 
ISO 


as 

300 

ao 

SCO 
240 

220 -^Ig 
90 

* 
ao 

15 
■10 


160 

l?0-l| 

160 

150 
fi  140 
5  130 
2  uo 

Jj  no 
x 


3100-f  45 
40 


l»4L 


so-- 


-no 

W5 


so* 


""fa 

to™  : 

so-: 


25 


40-. 


-2D 


n 


height  in  incite*  Cmr  Genti- 
£er  kilogratne)  on  Scale  U 
peini*  which  wilt  inter- 
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2.   Temperature  Conversion  'feagrara 

a.  The  following  n«ogran  Is  used  to  convert  the  eeutrlfrade  teniperatujre  frm  the 
spirometer  to  a  corrected  BTPS  factor. 


Factors  -t@  Convert  Gas  Volumes  from  Room  Temperature  g 
Saturated 8  to  37^cff  Saturated  (9) 


When  Gas 

With  Mater 

Faetes  to  Qowi&xt 

Temperature 

Vapor  Pressure 

Vol.  t©  379C  Sat. 

(C)  is 

(Mm  Hg)*  of 

1,102 

20 

'  17.5 

1,096 

21 

18.7 

1,§91 

22 

19.1 

1,085 

23 

21.1 

1,080 

24 

22.4 

1,075 

25 

23.8 

1,068 

26 

25.2 

1,063 

27 

26.7 

1,057 

28 

28.3 

1,051 

29 

30.0 

1,045 

30 

31.8 

1,039 

31 

33.7 

1,032 

32 

35.7 

1,026 

33 

37.7 

1,020 

34 

39.9 

1,014 

'35- 

42.2 

1,007 

36 

44.6 

1,900 

37 

47.0 

*H20  vapor  pressures  from  Handbook  of  Chemistry  and  Physics  (28th  ed.  j 
Cleveland:    Chemical  Rubber  Publishing  Co.,  1944),  p.  1802. 


Note; — These  factors  have  been  calculated  for  barometric  pressure  of 
7S0  nan  Hg.    Since  factors  at  22°C*  for  example,  are  1.0904,  1.0910  and 
1.0915*  respectively,  at  barometric  pressures  770,  760  and  750  mm  Hg, 
it  is  unnecessary  to  correct  for  small  deviations  from  standard  baro- 
metric pressure.  ° 


TABLE  I       (BTPS)  7 

Csmroe,  Je  H. ,  Jr.:    Methods  in  Medical  Research. 
Vol.  2.  361  pp.  Chicago:    Yearbook  Publishers,  1950. 
Pp.  74-244. 


c 

*  '  3.  nm  &  mmf 

a.   The  following  nanograa  Us  used  to  calculate  the  WEFR  a  ftff 


The  FEF2qo.12oC5  (MEPR)  and  the  FEF25.75l  (IMF) 
IN  NORMAL  ADULTS  BY  10  year  AGE  GROUPS 

0 


Age  Range 
fyra.} 



Number 

Mean  Values  ±  Standard  Deviations 

of 

Subjects 

FEF200-1200  («F»: 

FEF25 

-75X 

L./sec. 

■  m  Mill 

1  L./sec. 

wain. 

MALES 

20  -  29 

103 

9.122.1 

5461126 

5.4U.3 

324178 

30-39 

105 

9.0*2.0 

540U26 

4.611.2 

276172 

40  -  49 

150 

8.3±2.4 

498±144 

4.311.3 

258178 

50  -  59 

113 

7.211.8 

432±108 

3.6ti. r 

216166 

60  -  69 

43 

6.4*1.9 
FEMALES 

384±114 

3.011.0 

180160 

20  -  29 

109 

5.9±1.2 

354±  72 

4.110.8 

246148 

30  -  39  ' 

124 

6. Oil. 9 

360±114 

3.911.0 

234160 

40-49 

117 

5.6±1.2 

336±  72 

3.410.7 

204142 

50-59 

92 

5.4±1.2 

324±  72 

3.1*0.9 

186154 

60  -  69 

87 

4.9±0.8 

294±  48 

2.810.6 

168136 

p 


Kory,  &•  C* ,  Callahan,  R. ,  Sraith,  J.  a.  and  Hamilton,  L.  H. 
To  be  published. 

.3  «  . 
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CUnHeal  Spirometry  (HEN3> 

a.  The  following  nanogram  -s  used  to  ealeiulate  the9forced  vital  eapaeity»  Fev®*§9 
Fev\!A  and  MVV. 


Clinical  Spirometry  an  Normal  M«—  K*y 


v,a.  senator  m  stuw 


HEIGHT 
Iwim*  Cntimtkms 
150 


59 
40 

61 

42 
63 
64 

65 
66 
67 
48 
69 
70 
71 

72 
73 
74 
75 
74 


152 
154 
156 
155 
160 
162 
164 
166 
168 
170 
172 
174 
176 
178 
180 
182 
184 
186 
188 
190 
192 
194 
196 

t 


1-5.5 


3.5  -| 

AGE.  yt« 

20  4-3  0- 
30 

40 

SO 

40  4- 

70  ci.2i0 
80  J. 
90 


2.5- 


1.5- 


1.0. 


-5.0 


-=70 
10 


6»: 

230- 

ao  - 

Jaco  ^-4-5 
wo; 
*  -4.0 

170 

uo 

ISO 
MO 

»»f-3.0 

-Iiao 
uo 

J 100 

s 


3.5 


-2.S 


-2.0 


1-1.5 


VQ.L 

E-  5.0 
5.0 

5.  5.7 

\  *"•* 
53 

f-  s.a 

?■  5.1 
S.0 


VOX  7.13SH  -  .022  A  -  3.40 
MVYc,UMa  ff  3.39M  -  1.26/1  -  21.4 
FEvE £L  s  .OSOH  -  .0244  *  .24. 
«*l!o>  =  •Of^H  -  .020  A  -  1.59 

H  r  K«!*t  <n  kncte»  % 

SEE  a  U»mu2 taw  ****** 


see s  o.5» 

SEC*  29.0 

see « 0.51 
see  a  o.52 


f-  4.4 
4.5 
r  4.4 
^  4  J 
4.2 
%  4.1 
4.0 
r  3.9 
!>  3.0 
1-  3.9 

I  M 
-  S-  5.5/ 

=.  3.3 
5.  3.2 
!•  3,1 
t  -j-3.0 
y*»     L  2.9 

l       r  ** 

I-  2.9 
i-  2.4 
J- 2.5 


ERIC 


64  o 


£1  Inlet!  Spirometry  (WOMEN) 

fol laying  nanogram  Is  used  to  calculate  tht  following:  Forced  Vital  Capacity 


J.  5,  and  rev 


SPIROMETRY  IN  NORMAL  FEMALES 
PREDICTION  NOMOGRAMS 


HEIGHT 


FEVL0,L. 
4*M% 


Inches 
55- 

57 
58 
59 

CO         <T     £Q  M 

?77  63  -§ 

«n  •*        w      *  57 

tr»  «=>  m  -"^ 

<<<  4fi 

O  O  O  mh 


69     r-  175 


o*-ow 
&i  <t  <% 

©  o  o 


jij  70-^ 
35S  71 

q  e>  q 
III 


Centimeters 
-  HO  s 

WS 

150 

155 

160 

165 

170 


3.5  4  F 

•AGE, 
YEARS    1  JT 

20  j" 
30|- 

90}-  89  3  F 

60  j- 

2J0-3 


IS  3 


2.5 


—20 


4.0 


r  5S 


r-JiO 


2.5 


160 


-a  -a 

^  >  > 

ta]  hi 


HI  FVC*0,04I  M~  0.018  A -2.689  (SEE*  0.371) 
FEVfo  •  0.018  H  -  O.0IM-  0,297  (SEC»  0.306) 
FEV,  0»  O028H-O02IA-0.867  (SEE -0330) 

H'Heigl*  tn  oil.   A»AGE  in  years.  N*450 
966  £fipr 


■J 


Maximum  Breathing  Capacity  of  Male  Children  and  Adolescents 

a.  '  This  nomogram  is  ysed  to  calculate  the  MBC  In  HALE  Children  4  Adolescents. 


MAXIMUM  BREATHING  CAPACITY 
OF  MALE  CHILDREN  AND  ADOLESCENTS 

8. Pmis,  J*.%  MJQ.  J.  L.  WHffTamctoift,  *k® 
J.  R.  <UUAOf*eA,  oM.D. 

Boston  * 


TABLES 

Maxuw*  Btt*niix&  Ciwon  en  UYurs/MiHVTi  m  KiumH  to  A«i  cw  Yi*« 


Ai»fo*J 

3.0   4,0  7.a 
t>     t»  « 
5.9    6S  7.9 

8i0    9.0   fiO.O  II.O  I2.0 

to    (y    n    ti  e» 

4.9    9.9   ICS  H.9  a.9 

13,0 
14.9 

14.0  15,0 
t»  t# 
H.9  14.9 

84,0 
14,9 

I7c0 
17.9 

4      •  6 

7      7     10      4  i 

20 

73  9 

sr 

4 

4z   &  es 

m     79     79     *\  W  . 

117 

117  139 

154 

1S5 

Jti  Dev. 

4     10  $ 

10     19     it     7  17 

 f 

35 

25  34 

a 

II 

TAILS  4  * 

20.0  25.0  BQLt  J£0  1*0  45,0  5D»0  WO  60.0 
-to4»  t»t9t94»t*i»<4» 
S4>0  9.9  J4.9  2P.9  44.*  4P.9  54.9  flP.4  44,9 

44.0  70.0 
4»  4* 
•.9  74.9 

1fi0 
79J9 

40.0 
44.9 

9     7  12 

II     10     15     •  21 

a  u 

5 

¥    S3  ff 

71     O    93    114  M 

19 

119  124 

fa 

I54 

SfcLDev. 
LFM 

9     14  17 

14     11      10     39  It 

*9 

*?  * 

94 

14 

TABIC  6 

Majumhi  8u4Tnn»  Capacity  m  Linu/Muunr  m  fUomtN 

iHt  Suifaci  Am 

•  tvlfora, 

o,to  o.9«  1.40 

0,11  0.99  1,09 

1.10  1.24'  1.30  1.40  1J0 
"t»    "t»     "t»  *fc 
1.(9  1*39  1.59  M9  I.S9 

tM 
1.49 

1.70  1.10 
1.79  1.19 

1.94  3,00 
to  * 
I.99  f.09 

n 

15  9 

9     10     10     11  it 

«ft 

44  1ft 

* 

S 

M«iLPM 

44     40  0 

70    79     U     93  m 

110 

U0  190 

It5 

M4 

Set  Dtv. 

Lm 

9     16  15 

19   •  IX     11      n  24 

30 

a  so 

24 

u. 

TABLff t 

Maximum  BM»T»«w€**ft£iTy  r»  LmutsArtuwrc  u»lUum*-»  H*mrm  Ct*n«m 

m 

mem 

|tt.»  l«t  1JM  IUO  MM  KM  Ift.t  1*0  tit.* 

8it.t  m.»  om  iM?  m.t  mf  mm  m*  m.t  m* 

%  * 

ut.t  m.9 

IfAO 
H9.9 

*ft# 

5      9      9      4      f  it 

it 

m  # 

It 

4 

44    45  a 

#    a    *    n    *  m 

to  m 

no 

*9 

7 

6  o ! j 

Q><>7- 


Maximum  Breathing  Capacity  In  Female  Children  and  Adolescents* 

a."  This  mjmcgram  Is  ysed  t©  caloilate  the  MBC  In  children  and  adolescents. 

MAXIMUM  BREATHING  CAPACITY 
IN  FEMALE  CHILDREN  AND  ADOLESCENTS 

0.  &  Maan;  J*,,  MA,  a*d  C  W.  Sunn,  M JD0* 

*. 

Masi*v»  3ftiai^a» €a**€itv  w  L/Mwwt*  m  feuntn  t*  A«£  sn  Yeajb  mm 

frmU  CfcfiJtff  *  AIM  A**U9GfffI3 


*\*. 
if 

*,t 

4tf 

w 

ll.t- 
Il.t 

ff.t~ 
it3 

IB.* 
It* 

He* 
H.t 

At- 

i*3 

Ht> 

ITS 

it*> 

IM 

4- 

8 

it 

It 

91 

St 

at 

m 

H 

• 

it 

It. 

n 

a 

4*£ 

JM 

511 

4»J 

4M 

ft.f 

ma 

lilt 

tM 

Mi 

tM 

ut.i 

»,* 

5* 

at.* 

1M 

»*t 

tM 

At 

ma 

9M 

im 

tt.i , 

T4K.fi  4 

MAxvmi*  Jtamiaa  C**mut*  m  U/Mwmr  *  Aft****  to  Wnaar  m  ft*,  nm 


j*.t~  »*» 
#.t  *.t 

3C» 

tt.t  at.t 

4M 

*#- 

JCt 

».t 

*m  4m 

-Hit 

a  u 

IT 

ft 

*  * 

ai 

ar 

at 

»  4 

mom,  in 

*.» 

<*.# 

wa  tr.» 

tM 

•t.4 

t*r.t  tr,t 

l».i 

 £ 

M  J*\i 

m*9 

US' 

11.4  fU 

It.f 

tM 

t».t 

if  3  if  4 

IT.* 

TABLE  t  * 
M*xMfv»  Bmutmn*  C*r*c*r$  m  L/Mimrui  liumv  t»  Bmn  Scmor  Am  ut 


WsTts#  worn  Fmm*LM  Cku&mn  mm 


ait- 

o.a*. 

Mt 

.  *\*t 

i4i 

M»- 
l.» 

4<tt 

a.a* 
i.it 

l<4*- 

\jm 

IJt- 
1.9 

l.*» 

l.tv 

i.iN 
tM 

Mi. 

* 

It 

M 

m 

U 

« 

m 

It 

it 

t 

a 

413 

O.0 

Jt.a 

tt«a 

*»•* 

*j.e 

tM 

ii.4 

Mf.4 

tMia 

IM 

1*4 

u«a 

it.* 

CM 

«.t 

2* 

U.I 

tiit 

*f.# 

Ml 

19.1 

TA1L£  f 

ftfximvm  Baomo^  Ckmcitv  m  L^Mnarts  m  lUunwit  Humt  on  Cm*  *m\ 
Fmuu  Cmhmw  *M»  i 


t*».f  iit.f 

lli.*>  tmt-  125,0-  <!*,*-  CMLO-  Mt.*>  HT>-  !»*• 
Ui.i  t».i  t».t  Itl.i  Ut.*  M4t  Hi.t  U4f 

1*4 

lit.*. 

UC*» 

t#.i 

mi 

m.t 

4  ^ 

It  lilflittltlftti 

Jt 

it 

4 

ms  u.t  tr.t  u.i  nm  w  tr.t  t».t 

tt,t 

iit-f 

SO^M« 

at  r* 

U.i    143  1 

»,j  tot*   u.t  a*  a.4  tt.fi 

t4w4 

a -4 

M«4 

0  1 
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PURPOSE  OF  STUDY  GUIDES,  WORKBOOKS,  PROGRAMMED  TEXTS  AND  HANDOUTS 

Study  Guides 9  Workbooks,  Programmed  Texts  and  Handouts  are  training 
publications  .authorized  by  Air  Training  Command  (ATC)  for  student  use  in 
ATC  courses. 

The  STUDY  GUIDE  (SG)  presents  the  information  yoi#  need  to  complete 
the  unit  of  instruction,  or  makes  assignments  for  you  to  read  in  otheif 
publications  which  contain  the  required  information. 

The  WORKBOOK  (WB)  contains  work  procedures  designed  to  help  you 
achieve  the  learning  objectives  of  the  unit  of  ins t rue t ion ♦  Knowledge 
acquired  from  using  the  study  guide  will  help  you  perform  the  missions 
or  exercises,  solve  the  problems,  or  answer  questions  presented  in  the 
workbook. 

The  STUDY  GUIDE  AND  WORKBOOK  (SW)  contains  both  SG  and  WB  material 
under  one  cover.     The  two  training  publications  are  combined  when  WB 
is  not  designed  for  you  to  write  in,  or  when  both  SG  and  WB  are  issued 
for  you  to  keep. 

The  PROGRAMMED  TEXT  (PT)  presents  information  in  planned  steps  with 
provisions  for  you  to  actively  respond  to  each  step.     You  are  given 
immediate  knowledge  of  the  correctness  of  each  response,     PTs  may  either 
replace  or  augment  SGs  and  WBs,  ^ 

The  HANDOUT(HO)  contains  supplementary  training  materials  in  the 
form  of  flow  charts,  block  diagrams,  printouts,  case  problems,  tables, 
forms,  charts,  and  similar  materials. 

Training  publications  are  designed  for  ATC  course  use  only.  They 
are  updated  as  necessary  for  training  purposes,  but  are  NOT  to  be  used 
on  the  job  as  authoritative  references  in  preference  to  Regulations, 
Manuals  or  other  official  publications. 
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ANSMER5  TO  SELF-TEST 

1.  PARIS  PER  HUNDRED 

2.  a.  12=S 
b.  23% 

.5%  or  §;% 

3.  a*  .28 
b.  .635 

8.'    .0075  . 

4»  a, 

b.  1/5 
c. 


5.  a.  75% 

b.   66  2/3% 
ti  -81,25% 

6.  a.     X  B  3  % 

50  10O£ 

b.    12^  X 
75  100* 

a.  £  a  12% 
X  1002 

7.  a.  43,2 

b.  32 


I.    a.  23,3 
b.  12.5 


h   a.  40 

b.  1600 


10.   a.  675 
b.  121 


ASSIGNMENT  SHEET 

This  assignment  sheet  should  be  used  when: 

Y©u  are  t©  complete  only  a  part  of  this  text* 

$  Your  assignment  within  this  text  is  divided  into  two  or  more 

reading  periods • 

Your  instructor  will  make  assignments  by  identifying  specific  objectives, 

text  Material,  and  review  questions • 


ASSIGNMENTS 


OBJECTIVES 
(by  No) 

TEXT  MATERIAL  1 
(by  page  and/or  frame) 

REVIEW  QUESTIONS 
(by  No) 

v 

* 

— i- 

J 

J 

• 

1 

0 

a  6^ 

OBJSCHVES 


1*    Write  the  definition  of  percent. 
2.    Change  given  decimals  to  percents. 


3#    Change  given  percents  to  decimals. 


4#    Change  given  percents  to  fractions. 


5#    Change  given  fractions  to  percents, 

» 

6.  Substitute  numbers  taken  from  given  problems  into  the  "percentage 
problem  formula".    The  formula  trill  be  given. 


7.    Solve  problems  by  finding  percentages. 


8.    Solve  problems  by  finding  what*  percent  on*  number  is  of  another. 


9.  Solve  problems  by  finding  a  number  when  the  percent  of  a  number  is 
known. 

10.  Solve  problems  where  the  percents  are  greater  than  100$. 


When  working  with  percents,  you  will  also  have  to  use  decimals 
and  fractions  at  times.    Therefore,  a  knowledge  of  each  will  be  required. 
The  denominator  of  a  decimal  fraction  will  be  determined  as  follctws: 
*  The  number  immediately  to  the  right  of  the  decimal  point  indicates  tenths 
value.    For  example,  .5  equals  5/10.    The  second  number  to  the  right  of 
the  decimal  point  indicates  Hundredths 9  .75  equals  75/100.    The  third 
indicates  thousandths,  .250  (equals  250/ 1000 Q    Each  fraction  can  then  be 
reduced  to  its  lowest  terms. 


SUGGESTED  READING  THE  55  MINUTES 


Page  1 


1#    Percent  (%)  is  defined  as  parts  per  hundred. 

Therefore,  in  the  fraction  ^*which  is  the  s*me 
as  the  decimal  .06,  the  6  indicates  we  are 
^An^nwflH  with  six  parts  t»r 

hundred 

2.    33%, written  as  a  fraction  -22  or  the  decimal 

3^    *«*«2w+.*«       A-rm  ftoneemed  wi^lT"^  * 
parts  t»r  • 

33 

hundred 

3.    Sofa  number   means  ^  of  it;  15*  of  a  number 
means  ~|  of  it.    ttierefore,  23$  of  a  number 

means                  of  it  and  indicates  we  are 
(Fraction)  \ 

concerned  with            parts  per  hundred. 

23/100 
23 

J(l    P^wt  in  defined  as  per 

parts 
hundred 

r     Tn  w%w  own  words*  write  the  definition  of  percent. 

parts  per 
hundred 

j 

6.    To  change  a  decimal  to  a  percent,  the  first 

step  is  to  move  the  decimal  point  two  places  to 
the  right,  e.g.,  .28  or  28.    Therefore,  the 
decimal  .28  becomes  28.  *  To  change  a  decimal  to 
a  percent,  the  first  step  is  to  move  the  decimal 
pn4nt.  two  places  to  the  • 

Continue  to  page  3 


ffrge  2 


2k 

5  i?  correct.    5  is  the  smallest  number  of  sailors, because  25  i»  the 

I  total  number  of  sailors  in  the. office.    Proceed  to  page  AB. 


2B 


10%  in  wrong.    lQJg  is  the  smaller  of  the  two  percent*, 
looking  for  the  number  of  people, (This  is  on  the  left  tide  of  the 

sign. )    Return  to  page  4B  and  select  another 


2C 


=  1002 


X     720     is  Incorrect.    Remember  to  keep  all  '     the  percent* 


on  one  aid* 


information  on  the  other  side.    In  this 


of  the  equal  sign  and  all  other 

I  ca39»  100^  should  be  on  the  bottom  right.    "X"  is  the  percent  we  are 

larger  number  and  is. placed  on  the  bottom 


looking  for  and  ?20  is  the 


left.    Return  to  page  8A  and  select  another  answer. 


right 


right 


righ£ 


a. 


15% 


75^ 


3^ 
i 

2 


or  .5! 


■    Pmge  3 


7,    After  moving  the  declwftl  point  two  places 

right,  add  the  percent  sign  (%)}  e.g.*  *35  ©r  35* 
©r  35#«  V-Tb  change-  a  dectel  to  a  percent^  wm  the 
decimal  point  •  places  to  the 

and  .add  the  "    8  s'ign« 


decimal  .®3  is  cjjanged  to  a  percent  b*j  »>ving 
the  decimal  point  _______  places  t©  the 

#    The  result  is 


).    Change  tjb©  f ©Hawing  decimals  to  percent si 

a.  .15  equals       ■  % 

b.  ,23  equals  £ 
e.    #75  equals 
d.    .31  equals 
e*    .005  equals  % 


J5 


A  decimal  point  is  not  shorn  with  whole  percents. 
F.or  ea^mple,  63%  does  not  have  a  decimal  point 
shown.    ifentaUyf  however *  a  decimal  point  is  placed 
to  the  right  of  the  number  three  (63.$).e  In  the 
percent  below,  place  an  eiXDJ  where  yon  would  men- 
taUy  place  a  deciiaal  point. 

47  $ 

H.    Fractional  pereents  d©  have  decimal  points.  For 
esmwple,         can  be  written  as  5^.5p.    Th©  £raq- 


tional  percent  23$>  can  be  wxflt^en  as 


°  Continue  to  pago 


V 


Bage  4 


4A 


>3  X 

24  ovaoges  and  later 
Select  the  ®@Tm®t  far  a 
If  yenai*  answer  i^s 

JL.  ^  ^ 

24  iffif 


an  have  eat  the  prebloi  up  in  tfa*  correct  fom 
©^e  x»re  fas8  a  doable  <heck#  "John  pamlaNd 
6  ^we  spoiled^-  t*at\percent  nere  apoiltd?" 

.  @o  to  page:  v 


Using  the  problem  below,  substitute  into  the  f areola.  »10£  of  the 
people  in  tovm  are  farmers.    Ifcere  are  90  people  in  tow*    Hew  mm 
I  are  farmers? «   What  nwaber  should  go  on  the  bottom  loft  to  eo^leto 

the  faiinuXa? 


100% 


If  your  answer  is? 

90 
10$ 
100^ 


Oo  to  page: 


25  is  not  aorrect.    2§  is  the  total  number  of  airmen   ia  the  'office* 
pBwofwe,  the  number^ff  airmen  ""that  are  'overweight       audi*  be  a 
anaUcr  number.    Return  to  page  10A  and  select  another  answer*  ' 


23.25$ 


Or 


left 


percent  sign 


tw© 
left 


Pago  $ 


12*    Ghamge  a  percent  to  A  doeimal  by  dreppding  the 
percent  sign  and  aeving  tfee  decimal  point  two 
places  to  the  left*    For  asaaple,  12m 5%  beeves 
12#5  ftfter  dropping  the  percent  sigp.    Have  the 
deeiml  point*  tw  places  to  the  left  and  12«5 
then  becomes  *125<t    Therefore 3  the  perc^it  12#SJS 
equals  the  decimal  #125#    In  ehan^ng  a  percent  t© 
a  decimal^  se^e  the  decimal  point  tern  places  t*i 


13*.    The  first  step,  in  ©hanging        to  a  decimal  is 
drop  the  * 


v    The  second  step  is  to  more  the  deeiml  poinij 
places  to  the  • 


J  9    Change  the  following  percent e  to  decimals  1 
a.    3k%  eomla        .  ' 
b9    $  equals  _______ 

e»    24.5^  eqtsala 
d.  .5^ 


Continue  to  pa^e  7< 


JL 


90  ±3  mtvmt*    It  is  the  total  Masher  of  peopio  1* 
ef  f&raers  wtfW  be  a  amUer  s^sher^  £±ace  the**  m  only 

P?@©esd  to  page  8^^ 


OB 


6  iflQa 


ia  ia@oir@et#    AH  peremta  asfi  placed  on  coo  aid*  of  tba 
and  aU  other  inf  oxtaati©n  oa  the  opposite  side*   Retun  to 


equal 

page  i|A  and  select  another  answer* 


m  it 
720  x 


la  ineorreet*    Xou  are  loold^ig  for  the  —Hot  percentage* 

be  on  the  bottom  of  the  foztmdja*    Return  to  page  dt  and 


s^l©ct  another  answer « 


T 
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d.  .005 

'.Bead  the  quest 
^L©n  ©arefully. 
j$  la  lass  tha 
1$.  Therefor® * 
5^  equals  the 
dleoihal  *QQ2§ 
and  not  ©25j 


decin&^ 
fraction 


a.  .40  2/J 

b.  .225  9/4 

c.  .20  1/5 

d.  .125  1/8 


shange  a  percent  to  a  comer,  fraction,  first 
ge  the  percent  to  a  doeisal.    For  cmsEptto*  , 

15%  a  #75.    4§£  wulfi  be  changed  to  the  decissal  .45< 

» 

Bie  second  step  after  changing  the  percent  to  a 

decimal  is  to  change  the  dec*  ml  to  a  fraction  and 
reduce  to  i£s  |owest  taras.   Refer  to  footnote  ®n 


instruction  page  i.     For  esample, 

®r  It  #    1st  changing  a  percent  to  a  fraction,  first 

5 

©hang©  the  jpes-eeat  to  a  ,  then  to 

a  and  reduce  to  its  lowest  terms. 


3$  is  equal  to  the  deciaal 
fraction  °   • 


and  the 


60/100  or  3/5 


18. 


.Change  the  following  perccnts,  first  to  decisis 
and  then  to  fractions,,    Reduce  to  lowest  terms. 


a. 

b.  22e5^  ~ 
c. 


19.    To  change  a  frfceticn  to  a  percent,  first  change 

the  fraction  to  a  deciaM  and'  then  the  «decinal 

to  a  percent.    For  example/^  *  .315  m  31*5% 

© 

Tbj^range  'the  fraction  j  to  a  percent^  'you  naist 
first  change  it  to  a       ;   •  < 


Continue  to  page  "9 ' 

.  J- 
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Selest  the  ©arrest  formla  fa*  the  fallowing  probl^u  -mlm  ladisatai  Urn 
unfaotm  number  (number  t©  fee  found),    "Out  of  720  weather  obsermtloM 
taken,  last  month,  there  were  63  errors.  .tfhat  ma  the  percent  of 
You  are  looMjjg  fegp  a  pereent  that  sWeaenta  63  errors, 

0o  to  pages 


If  jpiar  answer  Is? 


720 


I     720  2 


1  *  _ 
720.  ^  I6o$ 

X  63 
720  °  VX% 


22 
10@ 


100$  is  ineorreet.  We  are  looking  far  the  large  aunfcer.  Irue,  100% 
•is  a  large  nuniber  but  we  are  looking  for  a  large  audbe*  repre«enti*f 
people.    Return  to  page  4B  and  select  another  answer. 


0 

isP  not  ©orr©et#    You  are  looMng  for  the  sssalltst  nucfcer.  '  IDCf 
-would  be  the  total  percent  &f  s&iloi^  in  the  of  flee  or  the  largest 

er  pei$entage-w±se#   Retatjn  to  page  IQIfeaad  select  another  answer. 
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decimal 


After  changing  the  fraction  to  a  decimal,  ©hange 
the  decimal  to  a  percent.   \  is  ©hanged  to 


ieeiml  .75  and  then  changed  to  a 


lb  change  a  ffctctlea  to  a  percent ,  first  change 
faction  to  a  .  and  then  to  a 


decimal 


aojg  (| is. 

changed  to  a 
decisal  by 


22.    I-  ie  first  changed  to  the  decimal  .80  and  thea. 
to  ^hs  percent  . 


by  §  and  then  to 
a  percent  tey  mov- 
ing the  decimal 
point  two  places 
to  the  right  and 
adding  the 
percent  sigp  %) 


Change  the  following  fraction*  to  pereenta.  Be 
careful  *&th  your  diriaion. 


- 1 


1m 


Continue  to  page  iLGA. 
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Page  10 


>.   37.5%  c,    m.5%  d.  33.: 


AMSWBB3  FROM  PAGE  f ;    a.  ?f£ 

18    aa*     «s  Q    63    as    <9    <3»    «=3    os,     <33    oa    ea  i-a 

10A 

All  percentage  problems  can  be  solved  by  substituting  given  information 

iiito  the  formula   ,aaall  number  m   %  9 
large  numbed  *  XoC$> 

For  the  problem^  "There  are  25  airaesn  in  the  office. '  Of  tjie  2$»  then 
a3r©  $  t  overweight.        What"  percent  of  tfa©  airmen  overweight? 

Th@  fonoula  would  look  like  this:    (small)  m  X(  unknown 

(lari 


iej 

Substituting  from  the  ifcfomation  in  the.  problem,  what  number  should  you 
place  on  the  top  left  in  the  formula?   Select  an  answer  b^low  and  turn  tc 
the  page  indicated  after  your  answer. 

If  your  answer  is:  \  G*  to  pages 


25 


1C 


24     100^  Is  correct.    Maw  for  the  final  test.   (k>  to  page  11#  ft— e  24 

and  continue. 


IOC  * 
I.  63 

720     1Q0£  Is  incorrect.    Hemaaber  that  all  percents  are  on  one  site  of 


the  equal  sign.  The  unknown  (X)  is  a  percent  and  should  be  on  the 
other  side*    Return  to.  page  Bk  and  select  another  answer • 


.6-6 


DO 


Page  U 


^#    A  ©ompan^  bad  100  «jployee3  and  15  wo  weito* 
Mfrlta  the  fonaula  using  the  given  inforoation. 
Proceed  to  the  next  fraae  to  check  yqur  answer* 

(Your  answer)  "~ 

15    a  Z 

100  100? 

! 

25#  ,  It  rained  10  days  out  of  30*   V&dte  the  formula 
using  the  given  inforaation* 

10  ^  1 
30  loc^ 

26.    20  men  work  in  the  weather  office*   k%  can  go  on 
1  leave*    Teu  would  be  looking  for  the  number  of  men 
on  leave  as  the  unknom  value* 

20  100* 

& 

REVIEW   Percentage  numbers  all  eo  cn  one  side  e£  the 
formula  and  all  other  ifif orsnation  on  the  other 

side*    For  example, 

•  / 

aaaOi  m  small  %  ■ 
lArg*  100% 

• 

Continue  to  pago  12 
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17.   You  are  now  going  to  learn  how  to  solar*  percentage 
problems.    For  saiaple,  20  students  ara  in  th# 
class.    20*^  are  failing.    How  aaay  students  an 

failing?   Substitute  into  the  forsaila  by  changing 

percents  to  decimals  and  crosa^fcultiply.    (Do  not . 

raduee  before  multiplying* ) 

Step  ffl    small  m    %  § 
large  100* 

#2   X  ( unknown)  »  20$ 

20  students     10%  l 

#3   X  »  .20  (Change  parents  to  deciwls  ' 
20   1.00  and  crosafOTiltiply.) 


#4  IX  -  4.00 
#5  X 


  ^  sti|dent»  failing. 

(Your  answer)  * 


#6   Read  the  problem  cartf  *T|t- 


28,   Solve  the  following  problems.   You  are  solving  for 
the  percent  of  a  number.  ^ 

During  the  montl|of  April  (30  days),  it  rained 
23%  of  the  time.    How  mny  days  did  it  rain? 
I 


(Place  answer  hero) 


29. 


During  the  year  (365  days),  it  *aa  cloudy  43$ 
of  the  time.    How  many  days  ms  it  cloudy? 


Continue  to  page  13 


Page  23 


I  I 

1 175.2 

SO.        Solve  the  following  problems  by  finding  what 

percent  one  number  is  of  another.    It  rained  12 
days  during  the  norths  of  September  and  Novem- 
ber (60  days).    What  percent  of  the  total  dqrs 
did  it  rain? 

20^ 

31.         Of  the  1400  personnel  assigned  to  an  Air  Force 
Base,       &5%  own  automobiles.    How  many 

> 

personnel  om  automobiles? 

910 

f 

32.  Solve  the  following  problems  by  finding  a  number 
when  the  percent  of  a  number  is  known* 

The  Smith  family  spends  $52  weekly  for  food, 
shelter,  and  clothing.    That  is  65%  of  their 
»      weeklv  income*    V/hat  is  their  weekXv  income? 

$80  * 

33.         Bill  said  that  the  $10.50  he  intended  to  spend 
for  a  football  was  just  35%  of  what  he  had 
saved.    How  nuch  did  he  save?  • 

Continue  to  page  14 
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Page  14  ^  • 


$30 

n 

1  , 

> 

34  •        timee^you  will  bo  using  pere«ftts  greater 

than  100$o.    For  example,  current  enrolloant  ia 
250^  of  last  year's;  last  yeaife  enrollment  vu 

^  160 •    In  this  case, the  larger  percent  (25Q£) 
goes  on  the  bottom  and  1QQ£  goes  on  top*  For 

f 

example,  160  =»  lXXg?#    Solre  the  following  proM— 

X  250% 

where  percents  are  greater  than  100$# 

Last  year's  donations  anointed  to  $154.  This 
year's  donations  were  120%  of  last  year's* 
What  was  the  amount  donated  this  year? 

0 

35.        Find  122%  of  65. 

79.3  / 

{?  + 

t 

You  have  just  completed  a  programmed  course  ia 

percentage.  /* 

O  END 

\ 

V  • 

r  1 
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SELF-TEST 
1#    Write  tfce  definition  of  percent. 

2.  Change  each  of  the  following  decimals  to  a  percent; 

a#  .12  *=> 
b#  ©23  ~ 
c.    .005  ■ 

3.  Change  each  of  the  following  percents  to  a  decimal; 
a.    28$  « 

'b.v63£*  = 

4.  Change  each  of  the  foHovdng  percents  to  a  fraction  and  reduce 
to  lov/eat  terma;  » 

a.  73%  • 

b.  20£  « 

c.  43$  83 

i 

5#    Change  each  of  the  following  fractions  to  a  percent} 

3  ^ 
•  4 

b.   f  =  ^ 


Continue  to  page  1< 


T 
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Page  16 

6.    Using  the  "percentage  problem  formula",  ™^ 

substitute  numbers  into  the  formula  from  the  following  ponebleM* 

Do  not  try  to  solve  the  problems.    Set  up  the  formula  oaly, 

a*    The  trainee  fired  50  shots  at  the  target,  missing  only  J%+ 

b9    During  the  next  firing,  the  trainee  missed  12  out  of  75  shots* 

9  non«rated  personnel  work  in  an  office •  The  non -rated 
personnel  make  up  12%  of  the  office  staff* 


a. 


b. 


?•    Solve  the  following  problems  by  finding  the  percentage.    Use  the 

formula. 

a.    Last  month  the  Weather  Office  took  720  weather  observations  and 

nsade  6$  error*    How  many  errors  were  mad^* 


b„    Out  of  40  personnel  in  the  Weather  Office*  80JZ  are  qualified 
*    weather  observers*    How  many  personnel  are  qualified  weather 

observers? 


8/  Solve  the  following  problems  by  finding  what  percent  one  numb*i%a 

o£  another*  - 

a.    The  duty  section  made       errors  out  of  60  observations*  What 

was  their  percent  of  error? 


b.    The  vjeather  office  has  4  out  of  32  personnel  in  the  hospital* 
What  percent  of  the  total  personnel  are  in  the  hospital? 


Continue  to  j*ge  17 
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Solve  the  f©U©wlng  problem©  by 
'a  maber  is 


finding  a  ©nsber  when-  the  percent  @f 


a.    10^  ©f  the  weather  4@ffi@a%persemtfL  are  aUowd  oq  leave.  If 
ther^are  4        @b  leave ^  tow  msn^  mmx  are  attached  to  the 
weather  office? 


^  be        of  th©  observations  are  to  error©    There  are  12  errors* 
K@w  nany  observation©  'Were  taken? 


10.    Solve  the  £®Ho\dxig  problems.    The  percent*  are  greater  than  100^. 

a.    Last  year  the  enroUjoient  at  the  school  ma  540  students.  The 
enrollment  this  year  i^  125$  St  laet  year^.*  What  ^as  the" 


enrolment  this  year? 


b.  .  Find  275^  of  44, 


Go  to  inside  front  cover  (i)  for  answers* 
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'  PTOPOSE  ©F  SX0DY  SUISBS,  WORKBOOKS,  PROGRAMED  TESTS  AND  EA®6IJTs' 

Study  Guides  3  Workbooks  s  Programed  Texts  aijd  Handouts  are  training 
publications  authorized  by  Air  Training  Cecmand  (ATS)  for  student  uae  in 
ATC  courses. 

V     "/  . 

The  STUDY  GO  IDS  (SG)  presents  the  /infarmatioa  you  need  t©  complete 
the  unit  of  instruction,  or  makea  asalgnmente  for  you  to  read  in\  other 
publications  which  contain  the  required  information. 

The  WORKBOOK  (WB^eontalne  work  procedures  designed  to  help  you 
achieve  the  learning  objectives  of  the  unit  of  instruction.  Knowledge 
acquired  from  using  the  study  guide  will  help  you  perform  the  missions 
or  exercises,  solve  the  problems,  or  answer  questions  presented  in  tho 
workbook. 

The  STUDY  GUIDE  AMD  WORKBOOK  (SW)  contains  both  SG  and  WB  material 
under  one  cover.    The  two  training  publications  are  combined  when  the  WB 
is  not  designed  for  you  to  write  in,  or  when  both  SG  and  WB  are  issued 
for  you  to  keep. 

The  PROGRAMiED  TEXT  (PI)  presents  information  in  planned  steps  with 
provisions  for  you  to  actively  raapondj  to  each  -step.    You  are  given 
Immediate  knowledge  of  the  correctness^  of  each  reeponse.    PTs  msy  either 
repiece  or  augment  SGs  and  WBs. 

'    •  I 

The  HANDOUT  (HO)  contains  supplementsry  training  matarlaia  in  the 
form  of  flow  charts,  block  diagrama,  printouts,  case  problems,  tables, 
forms,  charts,  and  similar  materials. 

Training  publications  are  designed  for  ATG  course  use  only.  They 
ere  updsted  ss  nscesssry  for  training  purpoaee,  but  are^OT  to  be  used 
on  the  job  ss  suthoritative>reference>  in  preference  to  Regulations', 
Manuala  or  other  offlcisl  publications. 
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ANSWERS  TO  SELF  TEST 


A  who^e  number  represeats/a  cos&plete  unit, 

Millions  d  B  ^ Sf 

hundred  thousands  78    a*    38/30¥   cheek'  °k  8 


ten  thousands  ■  304' 

thousands  .  4  *  4 

hundreds  .  T 


units        '  b.    389  122 

27 


©  &  \    ,  +122  + 

•  0 

a  ■  . 

c  47  "  22 


47    check  22J 

a.    127,010  -  j»22  '  o  88      '  94 


b.  2,840,000  9?  *~UT 

c.  334,000,000  94  1S4  94 


T$3T 


d«        *  |  v 

©a  100,000 

f./  500  d.    996  cheek 

-57  +57 

a?  minuend  •  -*IT3!r  SSS1 

subtrahend 
remainder 


a,  25 


b«    divisor  b.  82 

quotient  c.      0    ■  .» 

dividend  d.  2S 

remainder 

factors  ,  ° 

c.  addend  * 
addend 

sum  / 

d.  multiplicand 
multiplier 
product' 
factors 

8 

455  b.  3,690  c.  44  d.  SO/TRET 
x33  -2,460  275 

1355"  '         1,233         +  9 

1365 

15015  * 


/ 


ff 


whole  number 


Page*! 


1.    Whole  numbers'  represent  C0MPL3T3  UNITS.  For 
example,  the  whole  number  2  would  represent  two 
(g©mpleta- units.    A  COMPLETE  HJXT  is  represented  by 
a  '        number.    -  \ 


2.    AH  x*ole  numbers  show  or  represent,  some  "eomrlete11 
unit.    The  definition  of  a  whole  simber  is: 
A  i*@l©  number  represents  a  .   unit. 


3#;  A  whole  nyiaber  represents  a  complete  mit.  Th±& 
is  the  definition  of  a 


4.    Vfrite,  in  your  own  words,  the  definition  of  a  ^ 
*  whole  number. 


If  you  need  review  bf  some  part  of  the  Program  af  tar 
you  have  already  covered  that  section,  you  may  turn 
back.  | 


Continue  to  page  3 
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2k 


Your  addition  is  fine,  but  remember  that  you  must  put  like  wits  under  like 

units,    It  makes  no  difference  where  you  put  the  large  numbers  in  the 

sequence  but  units  must  b©  under  units,  tens  under  tens, -  etc •  Hhm 

a  ■  f  ' 

addition  problem*  25^4-  3p920^jould  be  set  up  like  this:  3,930    or  23 


Set  up  and  .solv©  this  problem: 

27  ♦  5&  ♦  20,047  - 
IT  your  answar  is  s  Go  to  page: 


20,047 
27 

4-  598 
20,672 

598 
20,047 

+  27 

20,572 


4 


66 


2B  , 

The  smallir  'number  must  go  dii  the  bottom.    Subtraction  that  is  accurate 


is  not  possible  the  way  it  was  set  Up.   Always  put  the  taollor 
below  the  larger.    Go  back  to  page  6A  and  select  the  correct  answer* 


ERIC 
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Page  3 


'whole  'number 
presents  a 
Lete  unit. 


5.    Icieh  digit  in  a  whole  number  has  a  place  value. 
Hie  position  of  the  digit  in  the  number  indicates 
its  place  value.    The  vihcile  msaber  below  gives  thfe 
name  of  eacH  place. 


9, 

6 

8 

7,3 

5  4,e 

•2  4,3  4  7 

T 

H 

T 

B 

H 

T 

M 

H 

T 

T 

HI 

T 

u 

R 

U 

E 

I 

U 

E 

I 

U 

E 

H 

U 

E 

N 

I 

N 

N 

L 

N 

N 

L 

N 

N 

0 

N 

N 

I 

L 

D 

L 

D 

L 

D 

U 

D 

S 

T 

L 

R 

B 

I 

R 

I-I 

I 

R 

T 

S 

R 

S 

I 

E 

I 

0 

E 

I 

0 

E 

H 

A 

E 

0 

D 

L 

N 

D 

L 

N 

D 

0 

N 

D 

H 

L 

S 

L 

S 

U 

D 

S 

S 

B 
I 

I 
0 

H 
I 

I 

0 

T 
H 

S 
A 

S 

L 

N 

L 

N 

5 

0 

N 

L 

S 

L 

S 

U 

D 

I 

I 

S 

S 

0 

0 

A 

N 

II 

N 

S 

S 

D 
S 

The  place  to  the  far  right  is  the 
place 


units 


6#    Hie  xAole  number  3*200  is  to  the  thousands  place.  , 

The  two  in  the  number   is  to  the   B  

place. 


hundreds 


7.    A  very  large  number  such  as  23,913,777  is  out  to 
the  ten  .  place  and  the  1  in  the 


number  is  in  the 
place. 


Continue  to  page  5 
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You're  guessing!    The  problem  is  set  up  allrl^t  but 
arithmetic.    Tike  a  little  nor©  time  with  tout  work* .  Cm 

frame  34, and  find  th^eorreet  answer. 


is  en 
back  U 


to 


»  ■ 


Watch  your  addition.    Make  sure  that  you  "carry;'  because  that  is  Just 
you  neglected  in  this  problen.   Go  back  to  page  2A  and  cheek  the  ether 
answer.    Then  go  to  the  correct  answer  page. 


40 

Right.    Try  another  to  make  sure  that  you  have^  the  idea. 

555  -  396  -  , 

If  your  answer  is:  Go  to  pages 


555 
-396; 

259 


555 
159 


6C 


16B 
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Page  5 


millions 

ton  thousands 

8#    Label  the  place  of  each  digit  in  the  whole  nunber 
'  below.  (305,732,567) 

,8  ' 

°  "?  ^  — 

7 

* 

3 

-S. 

5  '  i 

6  ' 

7                           v  1 

I            4  r 

hundW**  n4 11 -inns 

ten  millions, 
millions 

hundred  thousands 

ten  thousands 

thousands 

hundred 

tens 

units 

9#    A  whole  number  is  read  from  the  left*    For  example, 
the  whole  number  524  is  read  vfive  hundred  twenty- 
four*    Q^^lH^^lwenty^eix  wou2jd  be  shown  as 
a  whole  number  me 

(number) 

1,026  ' 

.  \ 

10.    The  commas  in  *  whole  number  separate  the  major 
groups.  The  whole  nunber  seventy-seven  million 
six  hundred  sixty-six  thousand  five  hundred  fifty 
five  would  appear  as 

0 

Continue  to  page  7 
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Right.    Kbw  letta  subtract  lahole  numbers.    Just  as  in  addition,  like  units 

> 

must  go  under  like  units,  BUT  the  waller  of  the  numbers  will  go  mder  the 

larger.  "  For  example: 

366  -  25  =  would  be  set  up  like  this:  366 

•  =22 

3U 


Set  up  and  work  this  problea.    3po6  -  375 
If  your  answer  is: 


Go  to  page: 


375 
-3.006 
2,369 

3,006 
-  375 
2,631 


2B 


/ 


1*C 


6B 

Nov;  /ou  have  it.    Renember  that  like  units  go  under  like  unite;    lou  are 
now  ready  for  subtraction,^  ILook  at  frame  6k 9  read  the  inf  otWticn,  and 
work  the  problem. 


6C 


555 


You  did  not  borrox*  correctly.    -396   This  is  the  way  your  problem 

259 

appeared.  After  you  borrow  1  from  the  hundreds  place,  it  should  change 
from  5  to  a  ^    Return  to  page  4C  and  rework  the  problem* 
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77,666,555 


a.  305 

b.  4,345  . 

c.  70,000,000 

d.  349,000^604 


11#    latch  the  word  form  number  in  column  A  with  the 
numerical  form  In  column  B^by  placing  the  lettear 


of  the  word  form  n^ 


to  the  correct  number # 
B 


a#  VThree  hundred  five. 

b#    Four  thousand  three 
hundred  forty-five. 

c#    Seventy  million* 

d;    Three  hundred  forty- 
nine  million  six 
hundred  four*  * 


349,604 

70,000 
,  4,345 
,305 

.  44,34:5  • 
b  70,000,000 

.349,000,604 


12.    In  ROUNDING  OFF  whole  numbers,  first  determine 
r  the  place  you  want  to  round  off*    Then  look  nt 
t^ie  number  DEtajTLT  to  the  RIGHT  of  the  place* 
If  it- is  5  or  more,  the  place  becomes  1  more* 
For  example:    Round  10,869  to  THIS.    First  look 
at  the  number  to.  the  right  of  the  tens  place. 
It  is  a  9.    So  the  tens  place  (6)  becomes.  1 
more  (7^  and  the  whole  number  becomes 

„J 


(number; 


^5 


Continue  to  page  9 
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8A  «  ,  , ,  •' 

Rigltt!    Another  thins  to  remember  is:    ZERO  times  ANT  number  is  ZERO, 

Example:   3,889,49?  x  0  «  0 

Lets  try  division.    The  division  problem  250  f- 25  «  10  says    250  divided 

by  25'  equals  10.    Set  up  in  workable  -form, it  would  look  like  this:  4  .  -. 

10  0  * 

25/250  .    Ho tic e  that  the  number  to  the 'right  of  the  division 

2£.  « 

00  . 

sign  (t  25)  is  the  divisor  and  goes  outside      the  division  blocks 
/fork  this  "prpblemf  "  '    .       "\  ' 

450  f  5  -  - 
■  If  your  answer  is: 
90  . 
.01 


Go  to  page: 

ISA  I 


UA 


3B 

■ — '  r » 

Solve  and  check  the  following  problems: 

'  k 

a.    10/552  check- 
s' 

b.  12 
16 

cheek—' 

«•       15  check— 

& 

d.  127 

--22 

check— 

J  » 

0 

Answers  bn  pag*  20# 
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10,870 

#■ 

p 

13*    If  the  number  to  the  right  of  the  place  is  L3SS   ^  • 

THAN  5,  the  value  of  that  place  vdH  not  change. 

• 

rr»_  _    .4.^1.   m^AVt    ^I.Q    WVimH^tft    to    hundreds  XS 

.   — -• 

Soo 
*» 

14.    ONLY  the  number  to  the  right  of  the  place  you 

* 

are  rounding  off  is  considered.    Do  not 

s 

to  thousands- 

21,000 

15#    Rounding  of f  to  the  nearest  FIVE  hundred  is 
somewhat  different.    If  the  number  (to  the 
hundreds  place)  ia  closer  to  500  than  it  is 
to  000,  then  round  to  500.    For  instance, 
251  is  closer  to  500  than  it  is  to  000,  so 
oci  wAim^Aft  4>a  fVia  nMrest  five  hundred  is 

 — IT 

500 

* 

16.    If  the  number  is  closer  to  1,000  than  it  is  to 
500.  it  is  rounded  off  to  1,000.    762  rounded  to 
+>»  n^vrAst  five  hundred  is  . 

o 

1,000 

t 

17.    Round  off  the  following  whole  numbers: 
n^nrn  to  ten  thousands 
l  ko§ O0Q  to  hundred  thousands 
13,  to  A  to  five  hundreds 

Continue  t  o  page  UQ 
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10A 

ANSWERS  TO  PAGE  ISA: 

a-      '£1     b-  670 

±8M  x35C 
1333  ===^ 

JJU  33S00 
2010 
234,500 


125 
7 

i. 

15 
15 


»•  3,030 
"2.300 
730 


All  problems  can  be  cheeked  to  see  if  they  are  correct.    This  is  done  by 
doing  the  opposite  function  to  the  ©ne  that  you  had  completed.  Pop 
example,  when  you  subtract,  the  check  is  done  by  adding  the  reminder  to 
the  subtrahend.    If  your  subtraction /was  correct,  the  result  will  bo  the 

I2KU»j3d. 

Look  at  this  problem:    300   cheek     270  remainder 


270 

Solve -and  cheek  this  problem: 


If  your  answer  is: 

455    check  405 
-J§0  -JgO 
405  355 


+J0  subtrahend 
300   minuend  (sua) 


455 

-  50  check   


Go  to  page: 


16A 


455 

405 


405 
455 


12A 


103 


Your  check  was  not  correct;  you  multiplied  the  remainder  by  the 
divisor  when  you  should  have  multiplied  the  divisor  by  the  quotient  and 
then  added  the  remainder.    Your  answer  will  be  the'  dividend,  if  your 
original  division  was  right.    Go  back  to  page  14B  and  try  the  probleo  again. 


6S6 


Page  U  {p"^% 


420,000 
200,000 
12,500 

18.  "  Reund  off  each  of  the  foUoviog  ^hole  numbers : 

57 k  t«  fSwi  hundreds  ' 

> 

SLQ  to  hundreds  . 
1 1  j        WO  to  millions 
^OO  *o  t«n  thousands 

749,999  to  hundred  thousands  w  

^jP7/l  to  tens 

50C 

500       ,  x 

12,000,000  - 

130,000 

700,000 

3,270 

19.    3he  answer  ariSfed  at  by  the  addition  of  numbers 
^     is  called  the  SUM*    Hie  numbers  that  are  being 

add^d  are  called  ABD3JDS.    Label  the  parts  of  the 

problem  below: 

A  AAA 

•♦•333  . 

addend 
addend 
sum 

t 

20.    The  parts  in  *  subtraction  problem  are  the 

minuend,  subtrahend,  and  the  remainder* 

Example:     908  minuend 

*  242  subtrahend 
765  remainder 

Th<>              n»  M«mlfc  is  called  the  • 

remainder 

21.    The  larger  number  or  tjhfc  number  you  are 
miHti-AJvM  n|r  fT«m  is  called  the 
and  the  smaller  number  that  is  being  subtracted 
from  the  larger  number  is  called  the 

Continue  to  page  13 
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12a 

Very  g©®d.    To  cheek  addition  problems,  invert  the  colucn  and  add*    It  is 

that  simple. 

Multiplication  is  checked  by  dividing  the  product      either  the  sultipljL* 

cand  or  the  multiplier.    For  eaempLe:    2x3*6  can  be  cheeked  by 
2  2  * 

dividing  2/6   ©r  3/5.    Stotice  that  the  dividend  is  the  product  of  the 

6         .6  . 

multiplication  prpblem.    Remember  that  you  say  use  either  one  of  the 
factors  in  the  divisor  spot,  but  the^ quotient  mist  be  the  other  factor. 
Solve  and  check  this  problem.    4x8^         check  — 
If  your  answer  is:  Go  to  page: 

4  x  B  =  32 
check 


8/52   or  4/5§ 
32  32 


If  you  did  not  arrive  at  the  above  answer,  reread  the  information. 


ia? 


Wrong.    You  have  placed  the  numbers  directly  below  each  other  in  the  body 
of  the  multiplication.    This  is  wrong.    When  your  zmxltiplicatioo  reaches^ 
the  tens,  hundreds,  etc. f place  in  your  factors,  the  results  »*m  fall 
directly  below  the  place.    It  will  look  like  the  other  answer  on  pkgm 

l$Bt  ao  return  to  page  16B  and  vferk  the  problem  correctly. 


9 
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nrijiuend 
subtrAh<?nel 

p 

22.    Label  the  parts  of  the  problem  below. 
-3.001 

— :  -V — 

minuend 
subtrahend 

23  •    label  the  parts  of  these  problems.  ^ 

a.     678                         b.  6? 

+28 

a.  addend 
addend 
sum 

b.  ndnuend 
subtrahend 
remainder 

24.    llultiplieation  problem  parts  are   multiplicand , 
multiplier ,  and  product*    The  multiplicand  is 
a  number  that  is  to  be  multiplied  fcgr  another.  ' 
The  multiplier  is  the  number  doing  the  multiplying. 
The  product  is  the  answer. 

-t-i*  wtiAo  uivQXQUy  xiojciu  j. fa  wjuQ  nmnoor  if  caxxeci . 

2LA 

180 

multiplier 

25«    The  numbers  that  are  being  multiplied  are  also 

called  factors.   Label  the  problem  below. 

25 
x3 

75.  ^ 
The  25  and  3  are  called  . 

< 

Continue  to  page  15 
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«  > 

The  only  way  possible  to  get  t$i©  answer  you  have  is  to  sot  up  the  ppbli 

ineorreetly.    450  *  5  is  set  up  like  this:  5AI© 

It  states    450  divided  by  5#    The  number  to  the  right  of  the  division 
sign  alvays  goes  outside      the  division  block.    Return  to  page  31V  and 
ttfork  th©  problem  &©rreetly#    Then  select  the  correct  answer  and  go  to 

the  indicated  page. 


14B 

Right,    All  that  is  left  to  check  is  division*    This  ia  done*  bjr 

a 

multiplying  the  divisor  by  the  quotient  and  adding  the  reminder  (if  any). 

For  escample:        5  5  quotient 

3/17   check    si  divisor 

12  15  \ 

2  +  2  reminder 

"  17  dividend 

Solve  and  check  this  '  ^ 

problem: 


5/23  checlo— 


If  your  answer  is:  Go  to  page: 

5  ; 


5/3"  check  3^  10B 
20  15 

3  +Jl 
19 

%  check  xj[  18B 
20  20 

3  2. 

23 


er|c 


Multiplicand 

multiplier 

product 

• 

factors 

26.  Ubel  the  parts  of  each  problem  below. 

a.  3P7                       h.  300 

-20  s3 

367  900  , 
C*  The  300  and  3  im  mr  aM  i  h    ir*       1 +A 

• 

a.  minuend 
subtrahend 
remainder 

b.  multiplicand 
multiplier 
product 

c.  factors 

27,  In  division*  the  nnn  of  the  parts  are  divisor, 
1       dividend,  quotient,  end  remainder.  The  quotient 
|       is  the  answer* 

For  examples   14  ^28.  ^^Ln  the  problem  is  the 

• 

quotient 

28.  The  dividend  it  the  number  or  quantity  tjhat  is 

being  divided  and  the  divisor  is  the  number  that  ' 

is  divided  into  the  dividend.  The  divisor  and 

quotient  are  factors  ef  the  dividend.  In  the 

2                       .  — 
problem   14  /~28,  the  14  is  the  divisor  and  the 

28  is  the                        .  The  14  and  2  are 

of  the  dividend. 

r 

/■ 

dividend 
factors 

0 

29 •  If  the  division  doesn't  come/out  evenly  and  there 
is  a  quantity  left,  that  quantity  is  called  the 

remainder.  Label  the  parts  of  the- problem  below. 

19  i 

15  /292  15 
15                     o  19 
142  292 
135  7 
7            15  and  19 

Continue  to  page  17 
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16k                                   5        •  \ 

No!    You  must  add  the  reminder  to  the  subtrahep^  in  order  to  obtain  the' 

sdnuend.  ^Ihis  is  the  only       we  know  o^r  subtraction  is  correct*    If  the 

sum  of  the  check  is  not  the  saEwf'as  the  njinuend  in  the  problm  then  you 

1 

have  made  an  error  somewhere.    Remember  to  ADD  the  reminder  to  the. 

subtrahend  to  obtain  the  minuend.    Go  haety  to  page  XOA  and  select  tho 

@©rr§et  answer*         ^M-,  \ 

1 

16B 

Fine.    You  are  ndw  ready  for  multiplication* 

Multiplication  is  actually 

a  shortcut  for  addition.    For  example:    4  x  9  a  3*  or  9  +  9  +  9  +  9  «  3o. 

The  smaU@^  number  should  go  on  the  bottom* 

For  example* 300  x  21  ■■  is 

set  up  and  solved  like  this:     300    Set  up  and  solve:    3*9*4  *  22  •  ^ 

x21  ^ 

300. 

600 

ft 

6*300  j 

i 

If  your  answer  is: 

Go  to  page: 

■*«  ■ 

2,764 

x°  22 

12B 

55  2  8 

552  8  t 
*    11,05  6                      0    '  * 

2,764 
x   22  . 

8A 

5  528 

55  28 

60,80  8 

Page  17 


divisor 
quotient 
dividend  % 
remainder 
factors 

30.   If  you  havo  NOT  aisse&any  labels  up  to  this 
%       point,  turn  to  page  19,  frane  33, and  work  froa 

6 

there. 

If  you  missed  ANY,  CHECK  .those  labels  that  gave  you 
the  trouble  AMD  conplete  frames  31  and  32  before 
continuing. 

0 

31.    Label  the  parts  of  the  problems  below, 
•    a.     25"  25— 
100  4— 
100— 

25  and  4  are 

%■ 

.    b.    311  311— 
284  27— 
.  284— 

a. 

multiplicand 

nultiplier 

product 

factors 

b. 

minuend  * 

subtrahend 

reminder 

f 

32.    Label  the  parts  of  the  problem  below. 

a.  10  10— 

+  ii 
21  11— 

21— 

b.  20/155  20— 

m 

15  7— 
155— 
15- 

i  ° 

20  and  7  are  ' 

Continue  to  page  19 
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night.  You  are  now  ready  to  set  up  and  solve  problems  in  each^of  the 
processes  of  addition,  subtraction,  multiplication,  and  division*  Set 

up  and  solve  the  following  problems.    SHOW  ALL  VJORK.  , 
a.    44?  +  886  =  c.   375  i  3  - 


G 


%    670  x  350  «  d#    3,030  -  2,300  - 


Go  to  page  101 


1SB 

You  have  now  completed  the  solving  and  checking  of  all  functions  «  R< 
the  only  one  you  did  not  do  the  opposite  function  to  check  has 
ADDITION, and  then  all  that  you  do  is:    Ihvert  the  column  of  nuabers  and  add 

a.<*ain# 

If  you  need  more  review  on  solving  and  checking,  return  to  the  page  tl»t 

teaches  what  you  need.  Otherwise,  go  to  8Bi 

SUBTRACTION  Page  101 

MULTIPLICATION  Page  121 

DIVISION  Page  lfcB 

ADDITION  Paragraph  above  or  page  121 

After  you  complete  this  ^review,  go  to  8B# 


a.  addend 
addend 
sum 


b.  divisor 
quotient 
dividend 
remainder 

factors 


?age  19 

33.    Label  each  part  df  each  of  the  following  addition, 
*  subtraction,  multiplication ,  and  division 
problems; 


a#     289  289— 
488 
+  111  488— 
888 

111— 


\ 


b.   397  397— 

353 


353— 


c#    28  28— 
252  9— 
252— 


9  and  28  are  » 


d.    27/^8  27— 

28  11— 

2Z 

1  298— 


27  and  11  art 


Your  answers  to  frame  33  are: 

a#    addend  b#    zaii^nd  *    c#  multiplicand 

addend  -    subtrahend  multiplier 

addend  reminder  product 

sum  factors 


d#  divisor 

quotient 

dividend 

reminder 
,  factors 


Continue  to  rage  22 
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ANSWERS  TO  PAGE  SB: 

W----J----  --•---••••-•••••••J 


a.  10/352 

30  check 
52 

2 


35 

X  10 
350 

+  2 
352 


b.  12 
16 
-■305 
333 


check 


305 
16 


c.  15 

45 


d.  127 
88 


check 


3/H 

3L 
15 
15 


39 

cljeck     +  88 
127 


or 


15/45 


45 


CONTINUE  ON  PACE  22 


ANSWERS  TO. FRAME  44,  PACE  Z4. 

a.  5 

b.  15 


c.  28 

d.  15 


END  OF  LESSON 
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*  * 

i 

a 

a 

<> 

M         .          '  ' 
34.   Any  problem  in  addition,  subtraction,  multiplica- 

tion.or  division  oust  be  set  up  correctly  in  order 
to  solve?  it.   In  ADDITION,  you  must,  put  like  units 
under  like  units.   For  example: 

WroniT  1  Right •  *  Notice  how  units  are  under 
347           347         units,  tens  are  under  tons, 

•  9  1  9  etc\  This  is  the.  only  vay» 
83      f  '       83         an' addition"  problem  can  be 

4-  2Q4  ;     +  204     t  solved. 

t  Set  ,up  and  work  this  problem. 

3  +  297  +  48  ■» 
If  your  answer  is:                Go  to  page: 

297 

3  2A 

+  J£ 

375 

297 

48  U 
448 
48 

297  °* 
+  34i 

If  you  are  reading  this  paragraph,  yoU  are  not  following  directions.  The 
preceding  frame  has  given  you  directions  to  follow.    These  directions 
MUST  be  followed  and  you  must  be  more  eaireful  when  reading.    Return  to 
+.v,o  n  W«  Oame  and  READ  CAREFULLT. 

697-' 


P*«e.  22  »  '  I  *  • 


0- 

1 

/ 

 '  J      '""  '  ~"o  ;  ^  — 

35.     The  sign*  of  operation  erb:  ♦  for  addition, 
-  for  subtraction,  x  for  multiplication,  end 

4  * 

f  fop  division, 

Tne           x#  and  fort                      mt  ^ 

o 

> 

operation 

36.     Son*  problem*  involve  tve  or  ■ere  different 
signs  of  operation. 

T 

Example: 

2  ♦ 8  x  3  -  26  . 
The  signs^  cooperation  in  the  prehlen  ebeee 
•re  end 

+ 

X 

37.     A  problem  nay  contain  all  the  different  sign* 

of  operation. 
Example: 

4  +  2  x  3  -  IS  f  3  »  S 
The  signs  of  operation  in  the  problem  above 
*»           .           •  .and 

+ 

X 
• 

38.     Problems  that  contain  two  or  more  different 
signs  of  operation  are  solved  by  following  a 
specified  order  ofl operation. 
The  problem  in  frame  3?  was  solved  by  using  a 

specified  ...                      «f  m 

page  23 


order* 

39,  Q  The  specified  order  of  operation  to  follow 

operation 

when  solving  prohltM  with  two  or  more 

different  signs  of  operation  is; 

First— MULTIPLY 

Second- DIVIDE 

Third— ADD 

Fourth-SUBTRACT 

Example: 

4  ♦  2  x  3  *  IS  f  3  ■ 

If  you  perfom  the  correct  first  step,  the 

problem  becomes* 

4*«-15f3- 

What  operation  waa  performed  and  what  numbers 

were  involved? 

Answer 

nultiplication 

40.     The  next  stop  is  division        the  problem 

2x3 

becomes;  p 

4  ♦  6  -  5  « 

Tn  thi*  stem  tho  Blather             was  divided 

by  the  number  • 

15 

41.     The  next  step  is  addition  and  the  problem 

3 

becosea: 

10  -  5  - 

The  numbers            and            were  added  in 

I 

this  steo. 

699 
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'  6 

• 

42.  The  last  step  is  subtraction  and  the  problem 

1  becomes: 

1                    10  -  5  -  S,  * 

1      The  answer,  5,  was  obtained  by  subtracting  the 

I  1 

number           from  the  number  . 

r 

rJ#  lflc  oraer  ox  operation  one*  again  it:  Multiply, 

10 

axTxac,  aaa,  ana  then  subtract •  If  your  prehlen 

nas  any  one  or  nore  of  the  signs  of  operation 

mi3singfyou  would  sinply  onit  that  atop  or  atepa 

in  following  the  specified  ortfer  of  operation* 

Exanple: 

XV   ~   J   *  * 

y  1 

rne  tirst  step  xs  to  nultiply  _,        tines  # 

men  you  oust  add  the  result  of  the  Multiplication 

ww  viic  ninocr  « 

The  next  step  is  to                         and  the 

answer  to  the  problem  is          .  r 

The  step  that  was  omitted  was                     .  "~ 

5 
2 

10 

subtract 
15 

division 

1 

~ — :  1 —    1  s 

44.  Solve  the  problems  below. 

b. 

5x5*5+5"- 5-        10  +  20  f  4  « 

c«  d. 

33  -  15  f  3  =                 4x3-2  +  5- 

Answers  are  on  pace  20 

70  (J 


SELF  -  TEST 


1.    Write,  in  your  own  vjords,  the  definition  of  a  whole  number.  £ 


2.    label  tha  place  (position)  of  each  digit  in  the  "whole  number  below, 

(9,257,800) 

9,  

2  


if 

B 


3„   Match  the  viords  in  column  A  with  the  numbers  in  column  B  by  placing 
the  letter  of  the  numerical  form  next  to  the  word  form  it  corresponds 
with.  A  B 

'        Forty-nine  thousand  six  hundred  a,  312 

twenty-two 


Ninety-nine  million  two 
Three  hundred  twelve 


b.  490,622 

c.  3,999 

d.  99,000,200 


Three  thousand  nine  hundred 

ninety-nine  .  49,622 


f.  99,000,002 
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4*    Round  off  each  of  the  -whole  numbers  below. 

a.  127,009  to  tens  

b.  2,636,999  to  ten  thousands  ; 
■c.   333,501,000  to  millions  :  t 

d.  999  to  hundreds  ■ 

e.  149,999.  to  hundred  thousands- 

f .  297  to  five  hundreds  

5.    label  each  part  of  each  problem  below. 


450 

450— 

-.22 

425 

■  25— 

425— 

11 

40/442 

40— 

40. 

42 

'  11— 

AO 

t 

2 

442— 

2— 

The  40  and  the  11  are  both, 

c.  399  399—  

+_27 

426  27—  

426—  

d.  300  300—  

x  6   : 

1,800  6—  

1,800  —  

The  300  and  the  6  are  both 
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a.    Solve  the  four   problems  below.    SHOW  ALL  WORK. 

a..  455  x  33  = 


b.   3,690  -  2,4&> 


c.   44  +  275  + 


d.   400  ^  50  = 

7.    Solve  and  .cheek  each  of  the  problem  belov.    SHOW  ALL  WORK, 
a.  3S/5o?  check— 


b.  389  check— 

27 

+  122  , 


c.      47  check— 
x  22 


d.   996  check— 


P**e  28 

8.   Solve  the  problems  below, 
ft*     39  +  11  —  S  x  10  j  2  " 


b.     42  i  6  +  27  x  3 


c 


C.      2x4i8  +  3-  4» 


d.     32     4  +  3b  -  8  x  2 


■% 
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Next,  compare  the  correct  answer  (below  the  next  frame)  with  yours. 

U  your  answer  is  correct,  go  to  the  next  frame. 

If  your  answer  is  wrong,  reread  the  frame,  draw  a  line  through  your  answer  sad  write  m. 
correct  answer  next  to  (or  below)  yours.  «w»wt  saa  wme  am 

Complete  each  frame  in  sequence.  Don't  skip  any  of  them.  THIS  IS  MOT  A  TEST  ss. 
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Mathematics  I 


MULTIPLICATION  AND  DIVISION 
(Decimals) 
s  (Part  One) 


A  decimal  is  just  a  whole  number  and 
a  fraction  written  in  decimal  form. 
Thus,  2-1/2  is  a  whole  number  and  a  , 
fraction,  while  2.5  is  a{  ), 

Decimals  are  multipled  exactly  like 
whole  numbers  and  then  the  DECIMAL 
place  is  added.  The  only  difference 
between  multiplying  whole  numbers  and 
decimals  is  that  for  decimals  you  must 
find  the  (  )  place. 


decimal 


7. 


The  number  of  decimal  places  in  a  dec- 
imal is  the  number  of  digits  (numbers) 
to  the  RIGHT  of  the  decimal  point. 
Therefore,  there  are  2  decimal  places 
in  1.41  and  (  )  decimal  place(s) 

in  1.4. 


decimal 


The  number  of  decimal  places  in  a  dec- 
imal is  the  number  of  digits  to  the 
(  >  )  of  the  decimal  point. 


Decimals  are  multiplied  exactly  like 
(a)  (  )  (  ).  After 

multiplying  a  decimal,  you  must  find 
the  (b)  (  )  (  ). 

# 

decimal 


Phe  only  difference  between  multiply- 
ing whole  numbers  and  decimals  is 
finding  the  (  )(  ). 


The  number  of  decimal  places  in  a  dec- 
imal is  the  number  of  digits  (  ) 

(  )  (      )  (  ) 

(  ). 


right 


(a)  whole  numbers 

(b)  decimal  place 


».      How  many  decimal  places  in  14.213? 
(  ) 


For  example,  you  would  multiply  25  x 
25  in  this  way:  25 
x25 
125 
50 
625 

and  2.5  x  2.5  in  this  way:  2.5 

x2.5 
125 
50 
6.25 

The  only  difference  is  the 
(  )  place. 


to  right  of  decimal  point 


10.    How  many  decimal  places  in  0.41? 
(  ) 


11.     How  many  decimal  places  in  0.04? 
(  ) 


decimal  place 


12.    How-many  decimal  places  in  1.0001? 

(  ) 


18.    How  many  decimal  .places  in  the 
product  of  4.101  x  6.12  x  0.001?  (  ) 


13.  The  number  of  decimal  places  in  the 
product  (answer)  of  a  multiplication  is 
the  SUM  total  of  the  decimal  places  in 
the  numbers  which  were  multiplied, 
Tfynre  are  2  decimal  places  in  40.21 
and  2  in  20.11;  therefore,  there  will  be 
4  in  their  product.  How  many  decimal 
places  will  thejre  be  in  the  product  of 
2.1  x  4.23?  (  )t 


10.    Remember,  aside  Croat  tfce  decimal 

place,  decimals  are  multiplied  exactly 
like  whole  (  ). 


20.    What  is  the  product  of  4.2  x  $A?  (  ) 


14.  Thus,  to  find  the  number  of  decimal 
places  in  the  product  of  40.21  x  20.11, 
you  must  find  the  sum  total  of  decimal 
places  in  both. numbers.  The  sum  of  the 
decimal  places  is  (  ) 


.  f 
numbers 


21.    2.01  x  6.M  » ( 


25.62 


15.    How  many  decimal  places  in  the  pro-  J22. 
duet  of  4.02  x  20.8?  (  ) 


21.2  x  1.42  *  ( 


14.0291 


16.  Emi  many  decimal  places  in  the  pro- 
<?  duct  of  6.002  x  0.041?  (  ) 


17.  You  sum  the  decimal  places  in  the 
numbers  multiplied  to  get  the  decimal 
.place  in  the  product  no  matter  how 
many  numbers  are  multiplied.  Thus, 
there  will  be  (  )  decimal  places  in 
the  product  of  4.2  x  6.19  x  9.02. 


23.  Zeros  written  to  the  right  of  a  decimal 
•  point  with  no  number  otter  than  aero 
to  their  right  may  be  DBOVPID  in 
most  multiplication.  Thus  4.20  can  be 
written  4.2,  and  5.50  can  be  written 
(  ).. 


30.104 


24.    In  multiplying  4.20  a  1.50  you 
multiply  4.2  x  (  ). 


5.5 
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25.  Zeros  to  the  right  of  the  decimal  point 
with  NUMBERS  OTHER  THAN  ZERO 
to  their^JGHT  cannot  be  dropped 
without  changing  the  value  of  the  lium- 
er.  ~**mfcjou  cannot  drop  the  zero  in 
the  number  6.105.  Can  you  drop  the 
ptro  in  23.4206?"(  ) 


26.     Thus  21.0  ^  21,  but  In  21\01  the  zero 
cannot  be  (  ), 


Ive:  1.010  x  4.002 


G>Q>0 


23.10  or  by  dropping  the  zero  in  the 
answer  23.1. 


33.  Zeros  to  the  LEFT  of  a  decimal  point 
with  ho  number  other  than  zero  to  their 
LEFT  are  added  only  to  make  it  very' 
clear  that  the  number  is  a  decimal  and 
can  be  dropped  when  you  multiply. 
Thus,  0.4  is  the  same  as  .4  and  0.23 
is  the  same  as  (  ). 


No 


4.04202 


27.     Can  you  drop  the  zeros  in  16.001  with- 
out changing  the  value  of  the  number? 

(  ) 


34.    Can  you  drop  the  zero  in  0.45  without 
changing  the  value  of  the  number? 

(  .) 


dropped 


.23 


28.     Can  the  zerp  in  14.101  be  dropped  with-  35* 
out  changing  the  value  of  the  number? 

(  ) 


No 


29.  Can  the  zeros  in  16.100  be  dropped 
without  changing  the  value  of  the  num- 
ber? (  ' ) 


No 


38. 


30.     Can  the  zero  in  42.0  be  dropped?  (  ) 
Yes 

r  \  37. 

31      Solve:  4.20  x  5.50  =   (  * 


Can  you  drop  the  zero  in  0.75638  with- 
out changing  the  value  of  the  number?. 
(  ) 


Yes 


(: 


(Because  the  "0"  is  only  there  so  that 
you  will  be  sure  to  realize  that  the 
number  is  .45,  NOT  the  whole  number 
45.) 


Can  you.drop  {he  zeros  in  100.1  without 
changing  the  value  of  the  decimal? 

(  )i 


Yes 


Can  you  drop  the  underlined  zero  in 
1600.0  without  changing  the  value  of  the 
number  ?  (   -j,  ) 


Yes 


No 


Can  you  drop  the  zeros  in  1 500?  ( 

Yes  ^  \  . 

0.19  x  0.20  =  (  • 
No 

0,034x0,025=  ( 

0.038  or  by  dropping  the  zero  .038 
0.890  x  0.010  =  ( 
0.00085  or  .00085 


)      42.    0.04  x  1600.0  = 
*  0.0019  or  .0019 

).    .  . 

43.     4.12  x  5.75  *  ( 

).  64.0  or  64 

END  OF  SET 

). 

0 

23,69 


s 


y 

r 


7  lo 


44. 


45. 


46. 


28.9  x  0.982  =  ( 
800.0  x  0.05  =  ( 
28.3798 


Mathematics  I 

MULTIPLICATION  AND  DIVISION 
(Decimals) 
(Part  Two). 


As  with  multiplication,  you*  DIVIDE 
decimals  exactly  like  you  do  whole 
(  )  and  then  you  find  the' 

decimal  place. 


49.    Division  of  decimals  is  exactly  the 

(a)  (  )  as  division  of  whole 
numbers  except  that  you  must  find  the 

(b)  (  )  (  )  in 
your  answer. 


decimal 


40.0  or' 40 


50.     A  division  can  either  be  written  as-ror 

?  73-  -  b 


(a)  same  ' 

(b)  decimal  place 


47.    After  dividing  decimals  you  must  find      51.    —  means  x  divided  by  (  ). 
thel  (  )  (  ).        '  V 


y 

b 


numbers 


48.     For  example:  dividing  126  by  6  gives 
21  as  an  answer  21 
6/126 

06 
6 
0 


a_ 
b 
by  b. 


52.    ~=  b  /a",  and  means  a  ( 

D 


2.1  2.1 

6  liil 

12 

06  f 
_6 
0 

The  division  is  done  exactly  the  same 
except  for  adding  the  ( 
place  in  the  answer. 


decimal  place 


(  )• 


divided 


JJt  .   .      t.  53.     £  means  Z  (a)  (  )  by  (b) 

and  dividing  12.6  by  6  gives  the  answer  U 


)      54.    -  means  (     )  ( 
a 


(a)  divided 

(b)  U 


J  (     )  (  ) 


-  V 


711 


1      22  QQQ 

55.    In  the  division  ~-  ,  1.22  is  the  DIV,  ,   61.         means  2  /HI  and  could  be  written 


IDEND  and  the  divisor  is  ( 
w  divided  by  d 


0.888 

2.0  because  zeros  may  be  added  or 


(  * 


4 


)  for  clarification. 


56.    In      a  is  the  (a)  ( 

b  is  the  (b)  (  '  ). 

4.1 


)  and 


62. 


over  or  above 


0.888 
2.0 


=  2  /  .868.  This  problem  is  solved 

exactly  like  2  /HI  except  that  you  must 
adda  (  )  place  la  the 

answer. 


57.    The  result  of  a  division  is  called  a 
QUOTIENT.  In  1  =  2,  2  is  the  result, 

or(  ). 


dropped  or  subtracted 


63.     Solve:  2  /TOT 


la)  dividend 
(b)  divisor 


decimal 


58.    The  result  of  a  division  is  called  a 


64. 


Solve:  %g  =  2  /H" 


.444 


quotient 


59,  In 


4.0,  4.0  is  the  ( 


quotient 


60.  In  dividing  a  decimal  by  a  WHOLE 
NUMBER,  the  decimal  place  in  the  quo- 
tient goes  directly  over  the  decimal 
place  in  the  dividend. 

.22 

Thus  2  /  .44  the  decimal  place  in 
.22  is  directly  (  „    -   )  the 

decimal  place  in  .44. 


65. 


66. 


67. 


In  division,  the  decimal  place  in  the 
quotient  goes  directly  (a)  (  )  the 

decimal  place  in  the  (b)  (  ). 


.22 


Solve:  jj^i  B  24  pm 


(a)  over,  above 

(b)  dividend 


In  division,  the  decimal  place  in  the 
quotient  goes  directly  over  ( 

)• 


quotient 


0.026  or  .026 


71 


70. 


71. 


72. 


73. 


12.48 
3.0 


8  A2.4 


the  decimal  place  in  the  dividend 
376.56 


( 


12.0 
1.56 

4.86 

6 

31.38 


Any  time  there  is  a  space  or  a  number 
of  spaces  between  the  decimal  point 
and  the  first  number  of  your  answer, 
you  must  add  zeros  to  complete  your 
answer. 

.  31 

Thus,  in  8  /.248  you  must  add  a(  ) 
after  the  decimal  point  and  before  the 
3. 

.81  or,  of  course,  0.81  to  make  it  clear 
that  .81  is  a  decimal  and  not  81. 


As  a  result,  the  problem  and  correct 
answer  would  look  like  this: 
.031 

8/^248  

In  the  problem  19  /.1748  you  must 
adi  (a)  (  )  zeros  after  dividing. 
Your  answer  would  be  (b)  (  ). 

~> 

zero 

.888  _  .  . 
222  ~  { 

(a)  2 

(b)  .0092 


75     2422  D( 
•     800.0  V 


76. 


77, 


>. 


(Remember,  some  of  the  zeros  may 
be  dropped  when  you  divide) 


.002  or  0.002 
0.008  _  . 


800.0 

0.001  or  .001     (800  /7800-  ) 

To  carry  out  a  division  as  far  as  nec- 
essary, you  must  often  add  ZEROS  to 
the  dividend. 

.45 


Thus  in 


2  /  .90  it  was  necessary 


to  add  a  (  )  to  the  dividend, 

in  this  case  changing  .9  to  90. 

.00001  or  0.00001 


78.    It  is  often  necessary  to  add  (  ) 
-  to  the  DIVIDEND  in  order  to  carry  out 
division  as  far  as  possible  or  desired. 


zero 


79.     Solve:    ^  =  2  /"7RT 


zeros 


80. 


.35 


81. 


0.06 
300.0 


8.55 


74. 


.600 
300 

.004 


82. 


!M  =  (  ) 

4.0  ( 

.0002  or  0.0002 


713 


83-     12.0  ~  { 


). 


87.    To  chance  a  decimal  to  a  whol*  number 
move  the  decimal  point  to  the  (  ). 


3.625 


84 


1.375 


>.  ' 


SB.  When  the  DIVISOR  is  a  decimal,  you 
may  change  it  to  a  whole  number  by 
moving  the  decimal  point  to  the  RIGHT. 
When  dividing  by  a  decimal  change  the 
divisor  to  a  whole  (  )• 


whole  number 


68.    When  the  decimal  point  is  moved  in 
the  divisor,  it  must  be  movedthft  SAME 

number  of  places  in  the  dividend.  If  you 
move  the  decimal  TWO  places  in  the 
divisor,  you  must  also  move  it  TWO 
places  in  the  (  )• 


right 


1.1275 


88  ' 
In  a  problem  like      or  .4  /TS8  ,  you 

must  change  the  DIVISOR  (.4)  to  a 
whole  number  before  dividing.  By  mov- 
ing the  decimal  point  one  place  to  the 
right,  .4  becomes  4.0  or  Just  4.  It  is 
then  a  (  )  (  )  • 


30.    To  divide  «-~  you  must  changs  .2  to  a 

o.z 


{ 


)  < 


dividend 
END  OF  SET 


number 


whole  number 


Mathematics  I 


MULTIPLICATION  AND  DIVISION 
(Decimals) 
(Part  Three) 


90.  To  change  0.2  to  a  whole  numfees9,  you 
must  move  the  decimal  point  (  .)" 
place(s)  to  the  right. 


.96, 


-  (- 


? 


800.0 

0.02  ~  %  ? 
(change  divisor  t©  whole  number) 


92. 


In         ,  when  you  move  the  decinial 

point  1  place  to  the  right  for  0.2,  you 
must  also  move  it  (  )  place(s)tothe 
right  for  0.88.* 


0.88 

When  you  change  the  divisor  of  rrx~  to 

8.8 

a  whole  number,  you  have  ~. 


97.     .34  /  2.685    =  ' 

(Change  divisor  to  a  whole  number  and 
change  the  dividend  as  required.) 


80,000 
2.0 


93. 


1 


178  ,  ? 
16.8  "  1  ? 
whole  number  and  remember  that  you 
must  move  the  decimal  in  the  dividend 
the  same  number  of  places. 


•).  (Change  divisor  to 


98.  .483 

(Change  divisor  and  dividend.) 


2.0  or  2 

0  88  '  ? 

94.  =  (  )  (change  divisor  to 

whole  number)  (Hint:  Remember  to 
move  the  decimal  place  in  the  dividend 
also.) 

1,780 
168 

0,001  ?  .  ,  .  .a  , 

95.  Q209  =  (       ?        )  (change  divisor 

to  whole  number) 

8.8 


2.0 


99.  Once  the  divisor  has  been  changed  to 
a  whole  number,  you  divide  exactly  as 
before  and  put  the  decimal  point  in  the 
quotient  directly  over  the  decimal  point 
in  the  (  ). 

483  fSpSW. 

(By  moving  the  decimal  place  3  places 
in  divisor  and  in  dividend) 

100.  Remember,  if  you  move  the  decimal 
place  in  the  divisor,  you  must  move  it 
an  equal  number  of  places  in  the 

(  )•  . 


dividend 


9 
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16,0     10  ,  i  11 

101.  Now  then:  -^j  =      (By  dropping  un-  UQ9.  —  is  a(  )  ( 

necessary  seros)  and  by  moving  the 
decimal  we  have  -       .     <  common 


dividend  {110.  The  number  ABOVE  the  dividing  line 

in  a  common  fraction  is  the  numerator. 

1@2  -  2  /~TvE  ^  ****  common  faction  -r »  the  numer- 

0.2    ~  '  atoris.(  ). 

40  or  40.0  common  fraction 

(since  100  may  fee  written  160.0) 

i 

jA#9  ljll.  In  the  common  fraction  r ,  1  is  the 


104. 


1.2  ^( 
745  or  745.0 


112.  In  a  common  fraction,  the  numerator 


im'  o^bT  =  ( 


.07  or  0.07 


106. 


1.8 


=  ( 


0^012 
.6  or  0.6 


numerator 


113.  The  number  BELOW  the  dividing  line 
ill  a  common  fraction  if  the  DENOM- 

2 

INATOR.  In  the  common  fraction  — . 
the  denominator  in  (  ). 


107.   Fractions  can  be  both  COMMON  frac- 
tions and  DECIMAL  fractions. 


2 


is  a  common  ( 


the  number  above  the  dividing  line 


114.  In  the  common  fraction  ~.  12  is  the 
(  ).  12 


1,500  or  1,500.0 


108.  |isa( 


fraction 


)  fraction. 

j 


115.  Define  the  denominator  of  a  common 
fraction. 

denominator 


10 


116. .  In  rr,  the  numerator  \s  (a)  (  ), 
amid  the  denominator  is  (b)  (  ). 


121.  Convert  jg-  to  a  decimal. 


(Hint:  That  is.  divide  2  /T 


the  number  below  the  dividing  line 


divide  the  numerator 
by  the  denominator 


117,  In  H  ,  the  DENOMINATOR  is  (a)  ( 
the  numerator  is  (b)  (  ). 


7 

122.  Convert    to  a  decimal. 


•S  ©r  0.5 


(a)  a 


„,  L964  , 
123.  —  o  ( 


118.  A  common  fraction  can  be  converted  to 
a  decimal  fraction  (also  called  simply 
a  decimal)  by  dividing  the  numerator 

by  the  denominator.  To  convert  y  to  a 

decimal,  you  would  divide  the  number 
_    (        )by(  ). 


.875  ©r  ®,87i 


%mA  18.97*  , 
124.  .=  ( 

1.4 


12.275 


(a)  41 

(b)  17 


119.  To  convert  a  common  fraction  to  a 
decimal,  you  divide  the  numerator  by 

the  (  ), 


125.  Convert  —-  to  a  decimal. 

9 


13.55 
146.4 


126.  ~»  -  ( 


1.6 


1  (by)  3 


127. 


1.9 
.004 


_  / 
-  v 


60  or  60.0 


120.   How  do  you  convert  a  common  fraction 
to  a  decimal? 


END  OF  SET 


denominator 


475  or  475.0 
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FURTHER  INSTRUCTIONS 

If  you;  missed  less  than  7  of  the  items  in  - 
Mathematical,  y©u  have  done  a  good  Job. 
-Now  read  the  summary,  and  you  are  ready 
t©  g@  ©a  to  Mathematics  II. 

H  you  missed  7  or  more  ©£  the  items,  read 
the  following  summary  and  then  WORK 
THROUGH  the  program  again. 

SUMMARY 

1 .  Fr aetioas  can  fee  both  COMMON  FRAC- 
TIONS and  DECIMAL  FRACTIONS. 

2 

Numbers  in  the  form  f-  are  common 

fractions.  Numbers  in  the  form  0.75 
are  decimal  fractions,  or  simply  dec- 
imals. 

2.  In  a  common  fraction,  the  NUMERA- 
TOR is  the  number  ABOVE  the  divid- 
ing line  and  the  DENOMINATOR  is  the 
number  BELOW  the  dividing  line.  For 

example,  'in  the  fraction  ~,  2  \  gie 

numerator  and  3  is  the  denominator. 

3.  To  convert  a  common  fraction  to  a 
decimal,  divide  the  numerator  by  the 
denominator.  For  example,  to  convert 

>  1 

£  to  a  decimal,  divide  1  by  4. 

4.  Decimals  are  multiplied  exactly  like 
whole  numbers  and  then  decimal  place 
is  added. 

5.  The  number  of  decimal  places  in  a 
number  is  the  number  of  digits  to  the 
RIGHT  of  the  decimal  point 


9.      The  number  of  decimals  places  in  the 
product  of  a  multiplication  is  the  SUM  * 
total  of  the  decimal  places  in  the  num- 
bers that  were  multiplied  together. 

7.  Zeros  written  to  the  RIGHT  of  a  dec- 
imal point  with  no  number  other  than  ^ 
zero  to  their  RIGHT  may  bt  dropped 
without  changing  the  value  of  the  dec- 
imal. For  example,  the  zeros  in  41 .200 

can  be  dropped, 

8.  Zeros  to  the  LEFT  of  a  decimal  point 
with  no  number  other  than  zero  to  their 
LEFT  are  added  only  for  clarity  and 
can  be  dropped  without  changing  the 
value  of  the  decimal.  For  example,  the 
zero  in  0,g4  can  be  dropped. 

9<  Decimals  are  dividedexactly  like  whole 
numbers  and  then  the  decimal  place  is 

added, 

10.  Divisions  in  the  form  £  mean  x  divided 

by  y;  x  is  the  dividend  and  y  the  divisor. 
The  result  of  a  division  is  called  s 

QUOTIENT. 

11.  In  dividing  a  decimal  by  a  whole  num- 
ber, the  decimal  place  goes  directly 
over  the  decimal  place  in  the  dividend* 

For  example, 

.33 
3/39 

12.  When  dividing  by  a  DECIMAL,  change 
the  divisor  to  a  whole  number  by  mov- 
ing the  decimal  point  to  the  right,  move 
the  decimal  point  in  the  dividend  the 
same  number  of  places  to  the  right, 

*  and  then  divide  as  before.  For  example, 

0.2      2.0     s ' 


Kg 

718 

12 
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Mathematics  II 

MULTIPLICATION  AND  DIVISION 

Cancellation 
(Part  Four)* 


V7o 


INTRODUCTION 


The  following  form  la  often  found  in  problem 
solution: 


9  x  36-X.83 
"   3x  6x42. 

There  are  two  ways  t©  salve  mch  problems. 

When  you  ara  faced  with  a  problem  like 


a  great  deal  of  multiplication 


9  x  36  s  83 
3  x  6  x  42 

and  division  may  be  avoided  through  can* 
collation.  Thus,  cancellation  is  one  method 


of  simplifying  the  solution  of  complex  prob- 
lems. It  is  done  by  divig^ng  (canceling) 
numbers  above  and  below  the  dividing  line 
into  each  other.  Though  at  first  this  may 
seem  to  be  more  difficult  than  normal 
multiplication  and  division,  after  you  have 
practiced  the  method  of  cancellation,  you 
will  find  that  it  is  a  much  simpler  way  of 
solving  complex  problems  of  this  type.  • 


TURN  THE  PAGE 


One  way  t©  solve  such  problems  is  to 
multiply  the  numbers  in  the  numerator 
together  to  give  a  single  numerator, 
and  multiply  the  numbers  in  the  denom- 
inator to  give  a  single  (  ). 


Once?  a  single  numerator  and  denoi 
inator  have  been  found,  you  can  divi 
them  together  to  give  the  result  or 


In  the  problem 


•  trill  to  Into 


16  two  times  and  thus  the  •  is  canceled, 
is  shown,  and  the  figure  Iplaccdbelow 
it  and  the  16  is  canceled,  as  shown,  and 
the  figure  (       )  placed  above  it. 

(a)  divisions  (cancellations) 

(b)  multiply 


denominator 


7. 


fa  ^jHrf  *fUr  *•  "sndt  hnvebeen 


Thus:  In  the  problem  |-5Jii«you 

20  412  o  X  42 

would  get  or,  by  division, 

27  J 

756  /  20,412  .  Your  answer  would  be 
27.  Doing  problems  this  way  is  a  long, 
tedious  process  with  a  great  possibility 
for  error. 


quotient  or  answer 


Such  problems  are  MORE  EASILY 
SOLVED  by  first  simplifying  them 
through  a  process  of  CANCELLATION. 
All  possible  DIVISIONS  are  made  be* 
fore  multiplication  in  the  process  of 

(  ). 


(canceled,  as  shown,  the  15  Buy  be 
divided  by  3  three  times  leaving  the 

jfigure  (a)  (  )  over  15  and  the  figure 
fb)(      )  below  5. 


V 


With  all  possible  cancellations  made, 
the  problem  looks  like  this: 


ttxl»\_  2  a  3 
plified  to  read  ( 


>  5. 


(a)  3 

(b)  1 


No  Answer  Required 


9  x  36 

Thus,  to  simplify         you  ^  make 

all  possible  (a)  ( 
fore  you  (B)  (  ). 


Any  time  a  number  or  letter  is  "over" 
the  number  1,  the  1  may  be  dropped 
because  it  means  "dividedby  l."Thus, 

Y  is  10  because  10  divided  by  1  is  10. 


)  be-  In  the  same  way,  J  ■  (  ). 


cancellation 


6_ 
1 


720 


10.    Our  problem  now  has  been  simplified 
to: 


2  3 
It.  x  it 

1  1 


2_x_3 
1  x  1 


6 
1 


14.    What  is  the  final  answer  to 
after  all  cancellations  are  made? 


7x5 
lx  1 


(a) 
(b) 


11. 


{~*£>         x  15 

As  you  have  seen,  we  began  with  Q  c 
2  x  3 

and  ended  up  with  ?  ■  ;  »  6,  Jf  we  had 

X  X  1 

multiplied  out  the  original  problem,  we 
240 

would  have  had  -^g  and  by  division 

6, 

— f4&7  24b  )yJ>  our  answer  would  have 
been  the  same.  Problems  of  this  type 
are  easier  and  faster  when  simplified 

by  (  -  ), 


15.  Not  only  is  ^t  possible  to  divide  one 
number  into  another,  but  you  majr divide 
a  number  on  both  top  and  bottom  by 
the  SAME  number  if  it  goes  mto  both 
an  even  number  of  times  (without  frac- 
tions). 


In 


35x63 


40x81 

by  5,  leaving  (a)  ( 
(b) (         )  under  40 


both  35ancT40aredivisable 
)  over  35  and 


25 


or  35 


12.    It  is  possible  to  cancel  diagonally  as 
well  as  straight  up  and  down.,,  - 


Thus,  in 


63  x40 


8x  9 
the  9,  leaving  (a)  ( 
and  (b)  (  )  under  9. 


the  63  is  divided  by 
)  over  63 


16: 


8 


after  35  and  40  have  been 


canceled  as  shown,  both  63  and  81  are 
divisable  by  9,  leaving  (a)  (  )  over 
6£and  (b)  (        )  under  81. 


cancellation 


13.  In 


after  the  63  and  9  have       17.    After  all  cancellations  aie  made  in 


7 

13x40 
8x  0 
1 

been  canceled  as  shown,  the  40  is 
divided  by  8,  leaving  (a)  (  )  over 
40  and  (b)  (  )  under  8. 


(a) 
(b) 


7  7 

8  9 
7^7 

8x9  " 


as  shown,  you  are  left  with 


(a)  7 

(b)  1 


(a)  7 

(b)  9 


15 


721 


18.  To  make  cancellation  really  effective, 
it  is  necessary  to  use  the  LARGEST 
POSSIBLE  NUMBERS  when  dividing. 
Thus,  given  the  problem 

SO  x  60 

.  there  are  a  lot  of  possible 

divisions  but  the  fastest  way  would  be 
to  divide  60  and  30  by  30,  and  60  and  12 
by  12.  Then  your  cancellation  is  all 
done  in  one  operation.  Remember  to 
use  the  (  )  (  ) 

(  )  when  canceling. 


49 
72 


„3      12S  x  32  x  10  . 
25  x   8  x   5  M 


1     a  6  - 

9  x  W     1  >  6     6  . 

TTW  TTf  =T  =  2 


3  4 

±*M       3X4       H  9 

JTJj  "2x3"  6  =  8 
2  3 


). 


1 9 .     Solve  the  following  problems,  simplify- 
ing by  cancellation  when  possible. 


20. 


15x34 


=  ( 


). 


15  x  9 
largest  possible  numbers 
9  x  36 


3x6 


=  ( 


1  6 
Xgjtj4  1x6 

TBxJ  =  ixi 
i  l 


). 


■=  6 


24.  Further  cancellations  can  often  be 
made  after  numbers -are  canceled  once. 
For  example,  in 

3  1 

1.3  ^ 

after  canceling  each  number  once,  you 
can  further  cancel  the  3's.  leaving  as 
the  answer  (  ). 


40 


21. 


30x45 
10  x  5 

3  6 

0  x  

Jx  j&  "lxl 

1  1 


). 


3  X  6  =4s 


25. 


6 

In  r^-r  after  the  cancellations  shown 
9  x  fi 


are  made,  the  REMAINING  6  and  9  are 
both  divisable  by  3.  leaving  (a)  (  ) 
over  6  and  (b)  (  )  under  9. 


o»y      9  X  36  . 

2Z-    FT17  =  ( 


27 


). 


1  x  1 
1  x  lv  1 


i=l 


■      (1  divided  by  1  always  equals  1) 


16 


722 
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26.  In 


£  x  1*  x  2 
1 


,  the  6  cancels  48  a&. 


shown,  and  then  both  18  and  8  are 
divisable  by  2,  leaving  (a)  (  }  over 
8  and  (b>  (      )  under  18. 


(a)  2 

(b)  3 


29,  It  is  important  to  remember  Uiat  you 
may  only  cancel  two  numbers  at  a  time. 
Thus,  if  you  have  the  problem: 

35x25 
15 

you  may  cancel  5  into  15  (3  times)  and 
then  into  EITHER  35  OR  25  but  NOT 
both.  In  the  problem: 

9x18 
3 

your  answer  would  be  (  ). 


27.  In 


4 


jS  x  x  2  ' 
1  9 


after  the  cancellations 


shown  are  made,  a  further  cancellation 
can  be  made  by  dividing  4  by  2,  leaving 
(a)  (        )  over  4  and  (b)  (        )  under 

2.  r 


2. 
9 


/ 


30.    Solve  the  following  problems,  using 
cancellation  where  possible. 

64  x  20 


12x4x6 


(a)  4 

(b)  9 


0x18     3  x  18 

l 


=  54  correct 


28./  After  all  cancellation*  are  made. 

2 

JL 


or 


0 x Xfi x  %  "1x9x1 
1      9  1 


(a)  2 

(b)  1 


tfxjj  _  9x6 


but  NOT 
3  6 

txtt  _  18 

"1  ~~T 
l 


=  54  correct 


18  incorrect 


723 


17 


31      -I2—  -  / 
A*     40  x  90  ~  * 


5 

MjlM 

3  13 


). 


J2.  A  AA 

-  ~  or  4.44 


9  x  36  x  63  . 
42,     3  x  6  x  42  =  ( 


38.    To  simplify  the  numerator  and 

denominator  can  be  divided  by  100, 
? 


leaving  (* 


cancellation 


39.    To  further  simplify/^ ,  you  can  divide 

the  numerator  and  denominator  by  15. 
? 

leaving  (  ). 


50  or  °-02 


45 

30 


33.     Remember,  to  simplify  by  cancellation, 


34. 


35. 


make  ALL  possible  (a)  ( 
before  you  (b)  ( 

27 


40x24 
12  x  64  x  20 


=  ( 


(a)  divisions  (cancellations) 

(b)  multiply 

72x90  . 

40      =  *  ■ 


0.0625  or  — 
lb 


) 


). 


). 


1r 


40.    To  simplify  **f§J,  divide  both  numer- 


ator and  denominator  by  ( 


i-4 


41. 


1.400 
4,200 

100 


=  ( 


90 


42.    To  simplify  -^j  you  can  first  divide  the 

numerator  and  denominator  by  (a)  (  ) 

'  10 

to  give  ~,  and  then  divide  by  2  to 

give(b)(  _^).  , 


36.  Many  problems  with  only  a  single 
numerator  and  denominator  can  be 
simplified  through  the  process  of 
(  )• 


Z  £ 

.... 

•jjffi  -7=  3  or  0.333 
6 


37. 


162 


Such  a  problem  as  f'fgj'ean  first  be 

simplified  through  a  process  of 
<  )• 

cancellation 


43.    Problems  in  the  form  —22  x  20  can 

also  be  simplified  by  the  process  of 

(  )• 


(b)  | 


18 
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4.500 

To  solve  the  problem  5-355  x  20.  you 

4.500 

first  cancel  in  the  fractioiij^jjjg  and 
then  multiply  the  result  tiroes  20-  Can- 
cellation gives  the  result  o*J"f")  *  20. 


42  x  120  x  50  , 

*'*     25-*.  40  X  6  =  K 


100 


46. 


6.400  x  42  x  25  x  600 
500  x  60  x  420  x  20 


cancellation 


4.500 
3.000 


x  20  =  ( 


49. 


42 


15  X  54  x  35  x  49 
25  x  30  x  63  x  42 


3. 
2 


21.333 


6,000 
6,400 


x  80  =  ( 


3 

****  x  20  -  J-x  20  -  &  -  30 

Jffifr  X  20  --g-x  20  -  -5-  -  30 

M 

2 


51. 


0.7 


«-^x42  =  < 


16,000 


20 


Solve  the  following  problems,  leaving 
your  answer  as  a  decimal  when  neces- 
sary and  simplifying  by  cancellation  as 
much  as  possible. 


SE1 


END  OF  SET 
16.1 


725 
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FURTHER  INSTRUCTIONS  2. 

ft  you  missed  less  than  4  of  the  items,  you 
have  done  a  good  job.  Now  read  the  summary, 
and  you  are  ready  to  go  on  to  Mathematics  Hi! 

If  you  missed  4  or  more  of  the  items,  >ead  3' 
the  following  summary  and  THEN  WORK 
through  the  program  again. 


Suph  problems  are  most  easily  solved 
if  they  are  first  simplified  by  the 
process  of  cancellation. 

In  tbt  process  of  cancellation,  all  pos- 
sible divisions  are  made  before  multi- 
plication. 


SUMMARY 

1.      Problems  in  the  form  9  x  36  x  63  . 

3  x   6  x  42 


are 


often  found  in  problem  solution. 


4.      Proems  in  the  form  MS  ^  j4g  • 

3,000  2,000 

x  2*  can  also  be  simplified  by  cancella- 
tion 


726 
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Mathematics  III 

MULTIPLICATION 

(Powers) 
(Part  One) 

To  square  a  number  means  to  multiply   .9.    In  3^  the  exponent  is  (  ). 
that  number  by  itself.  To  square  2  you 
multiply  (  )  x  (  ).  * 

Exponent 

2^  means  2  squared. 

4^  means  4  (  ).  10.  In  43,  3  as  the  (  ). 

2x2  2 

32  means  (  )  (  ).  11.  In      the  exponent  is  (  ). 

square 

exponent 


12.  The  EXPONENT  tells  you  how  many 
times  to  multiply  a  number  by  itself. 

Thus,  a2  =  a  x  a;  a^  =  a  x  a  x  a  x  a: 
and  a3  ^  (  ). 


~22^2x2^(  ). 
3  squared 

42=4x4  =  (  ). 


3?  *  <  ). 


16 


?2  »  (  ). 

o 

9 


Z  means  Z  squared  and  the  2  is  the 
EXPONENT,  In  W2,  2  is  the  ( . 


13,  Always  multiply  the  number  by  itself 
(  )  (  )  time  than  the 

number  of  the  exponent. 


axaxa 

The  exponent  is  3  so  you  multiply  "a" 
times  itself  twice.  Always  multiply  the 
number  by  itself  one  LESS  time  than 
the  number  in  the  exponent, 

3^  means  multiply  3  times  itself  (  ) 
times. 


one  less 


727 
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15.  W4  »  ( 
2  times 


23    34  =  ( 


27 


(3x3x3) 


16.  Zl  =  ( 


24.  ?2  *  ( 


WxWsWxW 


SI  (3x3x3x3) 


26.  §3  means  5  cubed,  or  to  raise  5  to  the 
(  )  power. 


1®=  ( 


second 


The  number  1  multiplied  by  itself  any 
number  of  times  or  raised,  t^any. power 
is  always  equal  to  (  ). 

(Review  notfe:  To  raise  a  number  to  a 
power  is  to  multiply  it  times  itself  a 
given  number  of  times,  thus  l4  means 
1  raised  to  the  fourth  power  and  22 
means  2  raised  to  the  second  power, 
or  2  squared.) 


27.  In  general  Zn  means  to  raise  2  to  the 
(  )  power. 


third 


28.  W»  means  ( 


nth 


29.  To  square  a  number  means  to  raise  it 
to  the  (  )  power. 


21.  92  =  ( 


raise  W  to  the  nth  power. 


22.  33  =  ( 


30.  When  you  raise  a  number  to  the  second 
power,  you  are  said  to  (  ) 
the  number. 


81 


second 


22 


9 
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27.  23  =  2x2h2  =  ( 


Z  x  Z 


18.  l4  =  1  K  i  x  1  x  1  =  (  ). 


28.  The  EXPONENT  tells  you  to  what  power 
the  number  is  to  be  raised.  O2  means  to 
SQUARE  9,  @r  raise  it  to  the  (  ) 
power. 


49 


f 


31.  T®  raise  a  number  to  the  third  power 
is  to  CUBE  a  number.  53  mean*  5 
<  )• 

square 

§2.  §  cubed  «  §g  =  g  to  the  third  power  a 

(  >. 

cubed 

O 

33.  2  cubed  =  (  ~), 
125       (5  x  5  x  5) 

34.  3  to  the  third  power  =  (  ). 
S       (2  x  2  k  2) 


39.  In  general,  the  ROOT  of  a  number  Is  a 
quantity  (number)  which,  when  multi- 
plied by  itself  a  given  number  ©f  times  9 
gives  the  number. 

3-  squared  is  i  or  3  x  3  =  9,  3  i§  a 

(  )  of  e. 


7      (Because  7  times  7  is  49) 


40.  The  SQUARE  ROOT  of  a  number  is  in- 
dicated by  the  \/~  which  is  called 
a  radical.  Thus  \/  9  means  the 
<                    )  (  )o£t). 


root 


41.  The  eignV^        indicates  you  are  to 
find  the  (  )  (  ). 


35.        means  to  cube  Z  or  raise  it  to  the 
(  >  (  ). 

27 


36.  To  find  the  ROOT  of  a  number  is  the 
e*aet  opposite  of  raising  a  number  to  a 

(  ). 

third  power 


37.  The  OPPOSITE  of  raising  a  number  to  a 
power  is  finding  its  (  ). 

power 


38.  When  you  SQUARE  2,  you  get  4.  Thus 
the  opposite  or  SQUARE  ROOT  of  4  is 
2.  When  you  square  7P  you  get  49.  The 
opposite  or  SQUARE  ROOT  of  40  -is 
(  ). 

root 


square  root 


42.      \[~    4     means  to  find  the  SQUARE 
ROOT  6f  4  which  is  (  ). 


square  root 


43.  V  means  find  the  square  root 
0f  a  number  or  what  number  multiplied 

itseif  equalg  the  number  under  the 
radial  (  \S~*°~  )sign.  V~4~ 
means  find  the  (  )  (  ) 

of  4. 

2     (since  2  x  2  is  4) 

44.  42  =  4  squared  =  4  x  4  *  16. 

The  SQUARE  ROOT  of  16  (  \J  W  ) 
ie  (  ).  That  is  the  num- 

ber which  multiplied  by  itself  equals  16. 

END  OF  SET 
square  root 


23- 


729 


/ 


Mathematics  III 
POWERS  AND  ROOTS 
(Part  Two) 


\/ 9~  means  find  the  SQUARE      52.  The  square  root  ofi-( 
root  ol  9  or  what  raumteer  multiplied,  by 
itself  equals  0.  3  x  3  equals  9.  so  3  is 
the  SQUARE  root  of  9.  rest 


£5     =  ( 


46.  4  is  the  ( 


)  ( 


)of 


5     (5x5  equals  23) 

4.7.  62  =  6  squared  =  8  z  S  =  36.  The  square 
root  of  36  (    V  36     )  is  (  ). 


\/     27       means  the  CUBE  root  of 
27.  That  is.  what  number  multiplied  by 
itself  TWICE  is  27,  3  x  3  x  3  »  27.  so 
1  is  the  cube  root  of  27.  What  is  the 

cube  root  of  8? 


1  (Ixi 


square^rooi 

square  root  of  si  =  ( 


54.        y  125      M  ). 
(What  is  the  cube  root  of  125?) 


6 


2     (because  2x2x2-8) 


49.  9  ia  the  square*  root  of  ( 


). 


55.     V  64     =»  ( 


>. 


4S     =  ( 


5     (5x5x5-  125) 


/ 

SI.  In  general,  the  radical  sign 

over ,  a  number  means  you  must  find  a 
(     *  )  of  the  number  under- 

neath  it. 


53.  The  number  on  the  radical,  as  the  3  in 
\T  W,     indicates  what  root  of  a  num- 
ber to  take.  Thus,  ^  Z      means  to 
take  the  cube  or  (        0      )  root  of 

Z. 


/ 


7  (because  7  x  1  is  49) 


(4x4x4  -  64) 


730 
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57.  \/~5     means  to  ftod  toe  (  ) 
root  of  X. 

third  t 

5  •  

58.  v  'im    means  to  find  the  (  ) 
root  of  100. 

fourth 

59.  53  =  (  .  ). 
fifth 


THIRD  root  of  I,  mains  what  number 
multiplied  by  itetlf  TWO  timta  equals 
I.  Of  coursa,  3x2^4  and  2*4  ~  8.  To 
And  thft  FOURTH  root  of  M  (  >#/16)? 
how  many  timtt  would  you  multiply  the 
winter  by  ttotU  ? 

2 

tecauaa 

2  x  2  -  4  (2  ojuartd) 

2  1 4    •  U  rated) 

2  x  i  =  16  <2  to  Urn  fourth  power) 

2  x  It  *  32  (2  to  tha  fifth  power) 

Row  many  ttmae  would  you  multiply  the 
numter  by  Itaelf  ?  / 


60.  If  the  radical  sign  has  no  number  on  top 
of  it  (   >J  ),  it  means  find  the 

square  root.  If  there  is  a  number  on  top 

(V  V^"  7   \$/~),  you 

must  find  the  third,  tenth,  fourth,  etc., 
root  of  the  number  underneath.  \§/  32 
means  find  the  (  )  root  of  32. 


3  tUMO 

i!i3    ili4.  I,2il  11) 


65.  V  17 

low  many  Mama 
numter  ty  MmM? 


you  multiply  the 


125  •  ttmtfa 

2x2»4 

$/— 

V  32     means  find  the  fifth  root  of  32  2  a  •  16 

or  what  number  multiplied  by  itaelf  2  x  16  32 

(  )  times  equals  32.  2  a  32  64 


fifth 

62.       ^32       =  ( 


2  i  M  121 

66.  The  culm  root  of  27  =     \/w   ~{  ). 
4  tlmaa 


four 


63.  You  c^n  now  see  and  remember  the 


67. 


HULE  that  when  finding  ROOTS  you 
must  find  the  number  which,  when 

multiplied  by  itself  ONE  LESS  TIME      66.  9  in  th^  culm  root  of  ( 

than  the  number  ON  the  radical  sign, 
will  equal  the  nuyber  under  the  radical 
sign.  Thus      \$/     3     ,  the  cuba  or  5 


7.31 


69.  4  la  the  (  )  <  )  Qi     76.  8  ?*    «  (  )  (give  final  answer). 

64. 


22S 


70.  The  cube  root  of  8  »  ( 


cube  root 


77.  For  a  FRACTION  EXPONENT  the 
NUMERATOR  of  the  traction  indicate* 
the  POWER  to  which  the  number  is  to 
be  raised  and  the  DENOMINATOR  in* 

dlcates  the  root  to  be  found. 


71.  The  Qnhe  root  of  1  =  ( 


12  h  means  to  raise  12  to  the  first 
power  and  find  Its  (  )  root. 


72. 


v 


A  ROOT  of  a  number  may  also  be  in- 
dicated hy  a  fractional  exponent  as  8**  . 
*This  is  the  same  as  saying  "find  the 
cube  root  of  8."  Thus  81;  =  ^  g  m 
Thus  27 1j  means  find  the  eube  root  of 
27.  27  u    =  (  ). 


(The  cube  root  of  6) 


78^  Thus  9  u     means  to  raise  9  to  the  first 
power  and  take  its  (  )  root. 


eube 


78.  4  -  means  "find5  the  square  root  of  4." 
Thusp  4-  =  y/4Tl6-  means 
(  )• 


79.  Raising  a  number  to  the  first  power 
does  not  change  the  number.  Thus  9 
raised  to  the  first  power  =>  ( (  ). 


square 


74.  9,:*  means  9  to  the  1/2  power  or  the 
(  )  root  of  9. 


A  number  is  not  changed  by  raising  it  to 
toe  (  )  power. 


find  the  square  root  of  16 


75.  9* 


square 

{not  the  "1/2  root  of  9,p) 


81.  In  general  then,  Zw  means  to  raise  2 
to  the  R  power  and  then  find  the 
(  )  root 


first 


26 


2 


32.  Zw  means  to  raise  %  to  the  (a)  ( 
power  and  then  find  the  Q>)  ( 
root. 


87.  10 


S 


tloiial  exponent). 


)  (change  to  a  frac* 


W 


Write  the  following  8  problems  as  whole 

A  decimal  power  means  the  same  thing      number  powers  and  roots:  ExampU  2? 
as  a  fractional  power.   Thus         =  V 


z4/19  wMch  meaM  raiTC  2  to  the  (a) 
{  }  power  and  then  find  the 

)  root 


(a)  N 

(b)  W 


84.  Bw  * 


10/ 


9  to  the  (a)  ( 
find  the  (b)  ( 


(a)  fourth 

(b)  tenth 


which  means  raise 
)  power  and  then 

)  root. 


•8.  7* 


or  10* 


90.    id  a  ( 


). 


85.  9  *  =  ( 

fractional  exponent). 


(a)  fourth 

(b)  tenth 


i6.  7-4   =  ( 

fractional  exponent). 

-J. 

9 10 


)  (change  to  a      91.  n*  ~  ( 

92.       12  *  d  ( 
END  OF  SET 


)  (change  to  a 
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FURTHER  INSTRUCTIONS 

If  you  mined  less  than  7  of  the  items,  yen 

have  done  a  good  job.  Now  read  the  turn- 
mary,  an<|  you  art  ready  t©  go  on  to  Math- 
ematics IV, 

s*Lt  you  missed  7  or  more  of  the  items, 
read  the  following  summary  and  then  WORK 
THROUGH  the  program  again. 

SUMMARY 

1.  To  Aqpiare  a  number  me  ana  to  multiply 
that  number  by  lteelf  or  raise  it  to  the 
second  power.  For  example,  4  squared 
pr  4  raised  to  the  second  power  means 

4x1 

c> 

2.  To  cube  a  number  or  to  raiae  a  dumber 
to  the  third  power  means  to  'use  it 
three  times  in  multiplication.  For  ex* 
ample,  43  means  4x4x4. 

3.  The  exponent  of  a  number  tell  you  how 
many  times  to  use  that  number  in 
multiplication.  For  example,  w*  means 
w  xwxwxwandthe4lsthe  exponent. 

4.  The  number  1  raised  to  any  power  is 
always  equal  to  1. 

5.  To  take  the  root  of  a  number  is  the 
opposite  of  .raising  a  number  to  a 
power.  The  root  of  a  number  is  ttye 


quantity  which,  when  mulched  by  it- 
self  a  given  number  of  times,  gives 
the  number.  For  example: 


3  and 


The  number  on  the  radical  sign 
indicates  what  root  of  the  number  to 
take.  For  example,  sf  y  means  to 
the  cube  or  third/ root  oM  and 


means  to  takm  the  fourth  root 
16.  H  no  number  is  indicated  as  ta 
4   9  the  square  root  is  understood: 


7.  The  root  of  a  number  may  also  be  In* 
dicated  by  a  fractional  eyonant  as  t!i 
which  means        >/  8. 

8.  The  numberator  of  a  fractional  exponent 
indicates  the  power  to  which  the  num- 
ber is  to  be  raised  and  the  denominator 
indicates  the  root  to  be  taken.  For 
example, 


means 


&5T 


9.  A  decimal  power  means  the  same  thing 

as.  a  fractional  power.  For  example: 


2- 4   means  Z^whlch  means  V^Z*  . 


28 
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Mathematics  IV 


POWERS  OF  TEN 


Numbers  are  often  written  as  small  8.  How  many  zeros  are  there  in  10*®? 
numbers  times  powers  of  10.  Such  as  (  ) 

2  x  102  which  would  equal  2  x  106  = 
(  )• 

1, 


102  =  ( 


9.     1.9  X  102  =  1.5  x  100  =  ( 


2  x  103  =  2  x  1,000  =  ( 


10,000 


To  raise  10  to  a  power  you  must  simply 
have  a  "1"  plus  as  many  zeros  in  your 
answer  as  the  EXPONENT  indicates. 
Thus,  for  102  you  have  a  "1"  plus  2 
zeros  in  your  answer,  and  for  105  you 
have  a  "1"  plus  (  ) 
zeros  in  your  answer. 


2,000 


10.  4  x  103  =  4  x  1,000  =  ( 
ISO 


11.  In  thksame  way,  when  making  a  number, 
like  loo  into  a  power  of  ten  yov.  just  use 
10  plus  the  number  of  zeros  in  the  given 
number.  Thus,  1,000  =  103  (three  zeros 
in  1,000)  and  100  =  (  '  '  ). 


4,000 


12.  10,000  =  ( 
102 

(2  zeros  in  100) 


)• 


101  =  ( 


13.  100,000,000 
10* 


103  =  i 


10 


14.  4.5  x  10^  =  ( 
108 


29 


735 


0 


IS.  1.9  x  ioa  =  (. 


4S0 

(4.S  x  100) 


16.  3.6  s  10§  =  ( 


1,900 


17.  1.97  x  104  =  (  ). 
360,000 

18^  4,000  =  4  x  103:  thus  700  =  (  ). 
19,700 

19.  6,400  =  6.4  x  103;  thus  7,900  =  (  ). 

7  x  102  V 

Write  the  following  numbers  (problems 
20  •  26)  as  numbers  BETWEEN  1  AND  10 
times  the  proper  power  of  10. 

20.  4,000  =  (  ). 

7.9  x  103 

P 

21.  600,000  =  (  ). 

t  *' 

4  x  I03 

22.  1,600  =  (  ). 
6  x  10S 

30 


23.  420,000  =  (  • 
1.6  x  103 

24.  92,000,000  a  ( 
4.2  x  105 

25.  155,000  -  ( 
8.2  x  107 

26.  490,000,000  =.( 
1.59x10*  _ 


27  To  multiply  number*  written  u  powers 
of  10  you  elmply  MULTIPLY  the  NUM- 
BERS (ignorlnf  the  10'a)  and  ADD  the 
EXPONENTS  of  the  10's.  Thus 

(2x102)  (2  x  102)  =  4  x  10*.  and 


(4  x  102)  (2  x  102)  .  ( 

Review  Note:  The  parentheses 
mean  to  multiply;  thus  (2  x  102) 
(2  x  102)  means  to  multiply  2  x  102 
times  2  x  102. 


4,9  xlO8 


28.  You  have  just  said  that  (  4  x  102) 
(2  x  102)  a  8  x  10*.  Working  itout  the 
long  way  you  have  (4  x  100)  (2  x  100)  = 
400  x  200  =  80,000,  8  x  10*  =  •  xlO  x  10 
x  10  x  10  or  8  x  10,000.  8  x  10,000  = 
80,000.  You  are  doing  the  same  thing  in 
both  cases.  Now  turn  to  the  next  page. 


29.   (f  x  10s)  (8  x  102)  =  72  x  ( 


No  answer  required. 


30.  Remember,  to  multiply  powers  of  10 
you  simply  ADD  exponents.  Thus  to 
multiply  10§  x  104  you  would  add  5  and 

(  >. 


10s 


.SEe-  ^multiply  powers  of  10  you  simply 
(  )  exponents. 


■4 


32.  To  multiply  102  x  103  you  would  add 
(  )  and  (  ). 

add 


33.  103  x  102  »  (  )  fteave  an- 

swer  as  a  power  of  10). 


36.   (4  x  10s)  (9  x  106)  =  ( 

(leave  answer  as  a  power  of  10). 

6  x  106 


37.  To  DIVIDE  powers  you  simply  SUB- 

104  IS 

TRACT  exponents,  thus  7-5"  =  102;  and  * 

105  102 
to  divide  jjgg    you  would  subtract  3 


from  ( 
36  x  1011 


)• 


38.  To  divide  powers  you  simply  ( 
exponents. 


106 

39.  To  divide  rr^  you  would  subtract  4  from 

v  J  >. 


subtract 


2  and  3 


34.  Remember  to  multiply  problems  like 
(2  x  102)  (3  x  104)  you  must  first  (a) 
(  )  the  numbers  (ignoring 


the  ICs)  and  then  (b)  ( 
the  exponents  of  ten. 

105 


) 


108 

40.  To  divide  ~f  you  would  subtract  ( 

)  from  {  ). 


41    102  =  ^  )  (leave  the  answer 

as  a  power  of  10.) 


35.  (2  x«102)  (3  x  104)  =  ( 

(leave  answer  as  power  of  10). 

Review  Note:  (2  x  102)  (3  x  104) 
m9ans  to  multiply  2  x  102  times 
3  x  104. 


) 


7  from  8 


42-  W  =  < 

as  a  power  of  10). 


)  (leave  the  answer 


(a)  multiply 

(b)  add 


<3 


102 
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43.  When  you  divide  numbers  times  powers 
of  ten  in  the  form: 

6  x  108 

3  -  1Q5    you  DIVIDE  the  6  by  the  three 

leaving  2  and  SUBTRACT  the  powers  of 
ten,  leaving  103.  Your  answer  would 
then  be  2  x  103. 


_8_x  1Q4 
4  x  102  =  1 

103 


44. 


4  x  1Q6 
2  x  103 


2x  ( 


2  x  102 

(Remember  that  you  DIVIDE  4  into  8. 
You  do  NOT  subtract  4  from  8.) 


9x  1Q4 
45.  7  r^-=3x( 


3  x  10^ 


103 


(Because  4  DIVIDED  BY  2  equals  2  and 
1Q3  subtracted  from  106  equals  103.) 


46 


7xl07    ,  __  . 


). 


10' 


Divide  the  following  (problems  47  -  50), 
leaving  your  answers  in  terms  of  a  power  of 
10. 


16  x  104 


47. 


4  x 


102  =  (  , 


48. 


24  x  log 


x!02  =  * 


4  x  102 


49. 


iJLlP: 
2  x 


50. 


3x10* 


36  x  109 


x  104  =  ( 


2  x  103 

51.  9x  105  a  ( 

9  x  105 

52.  4  x  102  =  (  . 
900,000 

53.  2  x  103  =  ( 
400 

END  OF  SET 


105 


2,000 
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.    FURTHER  INSTRUCTIONS 

if'' 

/  If  you  missed  less  than  3  of  the  items,  you 
have  done  a  good  job.  Now  read*  the  sum- 
mary, and  you  are  ready  to  go  on  to  Math- 
ematics V. 


1 


If  you  missed  3  or  more  of  the  items, 
read  the  following  summary  and  then  WORK 
THROUGH  the  program  again. 


To  multiply  powers  of  10,  you  simply 
add  the  exponents  of  10.  For  example, 

102  x  ID3  =  105*  104  x  108  =  10*2. 


4.    To  multiply  numbers  written  as  small 
numbers  times  a  power  of  ten,  you 
,  simply  multiply  the  numbers,  ignoring 
the  tens,  and  then  add  the  exponents  of 
the  tens.  For  example, 

(4x  103)  (2  x102)^8x105. 


SUMMARY" 

Numbers  are  often  written  as  small 
numbers  times  a  power  of  ten.  For  ex- 
ample, 200  can  be  written  2  x  102  and 
62,000  can  be  written  6.2  x  104. 


To  raise  10  to  a  power,  you  must  simply 
have  as  many  zeros  in  your  answer  as 
the  exponent  indicates.  For  example, 


5.    To^  divide  powers  of  ten,  you  simply 
subtract  exponents.  For  example, 


102  =  100,  104  =:  10,000  and 
106  =  1,000,000 


102 


^=106 

1-02 


To  divide  numbers  written  aa  small 
numbers  times  a  power  of  ten,  you 
simply  divide  the  numbers,  ignoring  the 
tens,  and  then  subtract  the  exponent  of 
the  tens.  For  example, 


6  x  lp5 
2  x  102 


3  x  103. 
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ASSIGNMENT  SHEET 

This  assignment  sheet  should  be  used  when: 

9  You  are  to  complete  only  a  part  of  this  text. 

O  Your  assignment  within  this  text  is  divided  into  two  or  more 

reading  periods. 

Your  instructor  will  snake  assignments  by  "identifying  specific  objectives 

text  material e  and  review  questions. 


ASSIGNMENTS 


OBJECTIVES 
(by  No) 


REVIEW  QUESTIONS 

(by  No) 


_L. 


1 


POWERS  OF  TEfJ 
OBJECTIVES 


1.    Convert  multiples  of  10  to  their  equivalent  powers  of  10.  y 

2o    Convert  numbers  to  equivalent  numbers  multiplied  by  speeified  powers  of  10. 

3o    Convert  nuiitos  multiplied  by  specified  powers  ©f  10  to  equivalent  nmabers  multiplied  by  ether 
specified  powers  of  10. 

k.    Convert  numbers  to  seientifie  notation,  rounded  off  t©  three  significant  digits. 
Using  powers  of  10  and  tip  laws  of  exponents  , 

5.  Solve  multiplication  problems". 

6.  Se>lvc  division  problems. 

7.  Solve  problems  involving  raising  a  power  to  the  second  power. 

8.  Extract  square  roots. 

9.  '  Solve  probes  involving,  various  combinations  of  multiplication,  division,  extracting  square 

roots,  and  raising  a  power  to  the  second  power. 


ii 


DIREgglOHS  PAGE 

This  prc^&a  contains  kS  pages .    Most  pages  (starting  with  page  k)  are  divided  into  3  seet 

a  TOP  section,  containing  the  answer  to  the  problem  on  the  preeedimig  pa© 

e 

a  MIDDLE  section,  containing  an  eimmple  problem  and  its  solution^ 
a  BOTK2M  ssction,  containing  a  problem  we  want  you  to  solve . 


i 


BO  MOT  take  up  valuable  time  solving  the  e;sample  problem   In  the  middle  section.     Just  examine 

/ 

it  carefully  step  by  step  to  see  how  we  solved  ito    Ifext,  solve  the  problem  in  the  bottom 


section  of  the  page.    Then,  check  your  answer  with  the  corrcct^andwer  at  the  top  ©f  the  next  page 


a 


jmeraber,  do  not  waste  valuable  tine  solving  the  example  problems.    To  remind  you,  we  have  placed 
^n  front  ©f  the-  problems  we  want  you  to  solve. 
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Introduction  to  Powers  of  10 
Sample  of  a  very  large  number;    100,000,000^000  ^ 
Example  of  a  very  small  numbers  0OGOOQOOQOOG6 

Electrical  E@asure©ente  often  involve  very  large  Kid  very  small  numbers.    Working  with  large  and  small 
number©  can  be  tlim-eonuxming.    Also,  using  numbers  with  many  seros  may  lead  to  mistakes.    Powers  of  10 
are  used  to  express  these  large  and  small  numbers  containing  many  digits  as  equivalent  numbers  contain- 
ing only  a  few  digits 0    Obviously,  numbers  containing  fewer  digits  are  easier  to  use0 


Powers  of  10  involve  the  use  of  exponents.    An  exponent  is  a  small  number  written  above  and  to  the 
right  of  a  number,  which  is  the  base  number.    The  exponent  indicates  the  number  of  tijaes  the  base  is  to 
be  taken  as  a  factor* 


For  example:    IQr  -  10  x  10  x 


A  multiple  of  10  greater  than  one  can  be  expressed  as  the  base  10  with  a  positive  exponent. 

For  exaaple:    10,  «    1G1        100   -    10*       1000   -    I©3,  ate. 

.  **  ' 

Multiples  of  10  leaa  than  1  ©an  be  expressed  as  the  base  10  with  a  negative  exponent. 

a 

For  exasgjle:    .1    a    10"1       ,01   »    10~8       .001    -    10"3,  ete. 

1 

The  teae  10  written  without  an  exponent  actually  has  an  exponent  of  1.    Thus,  10   »  10 

0 

The  base  10  wkth  an  exponent  of  zero  is  equal  t©  one.    Thus,  10     ■  1. 


No  response  required. 


xe  1 


747 


T^2T°  S°me  &eCSjmlB        ^  «^tb  and  their  equivalent  powers  of  10. 


it  for 


10,000  = 

10^ 

1,000  = 

103 

100  o 

102 

10  = 

101 

1  u 

io°  <■■*■"  v 

10"1 

oOl  =P 

10=2 

.001     ta  . 

1Q-3 

.0001  ta 

10"h 

Notiee  that  10°    =  i 


No  reaponae  required, 


Any  number  can  be  converted  into  2  factors:    A  numerical  factor  time,  a  power  of  10  The 
numerical  factor  will  have  the  same  digit  aequence  aa  the  origina^L^  5he  power  S  10  and 


7900  m 

7.9 

X 

IO3 

because 

103 

1,000 

.01  o 

1 

X 

11 

10-2 

.01 

75  =? 

7.5 

X 

101 

101  • 

ac 

10 

.07s  0 

7.5 

X 

io-2 

11 

10-2 

m 

.01 

.075  B 

75 

X 

10-a 

11 

io"3 

X2 

.001 

,,075  s 

750 

X 

10-^ 

» 

10-1* 

at 

.0001 

Ho  response  required. 


4B 


7  4.3 


I 


\em  Fill  in  the  blanks  with  the  equivalent  pov?ers  of  10. 

k 


.0001 
.001 

.01 

.1 

1 

10 

100 

1000 


1  X 

1  X 

1  X 

1  x 

1  X 

1  X 

1  X 

1  X 


10 


10 


0 


Check  your  answers  with 
the  table  on  page  2 


 1 


Any  number  may  be  converted  into  2  factors:    A  numerical  facto/  times  a  power  of  10  factor. 
The  numerical  factor  always  has  the  same  digit  sequence  as  the  original  number.    The  exponent 
(power)  of  the  base  10  is  always  equal  to  the  number  of  places  the  decimal  point  is  moved.  The 
exponent  vj  POSITIVE  when  the  .decimal  point  is  moved  to  the  LEFT;  the  exponent  is  NEGATIVE  when 
the  decimal  point  is  moved  to  the  RIGHT. 

Fill  in  the  blanks :    To  convert  a  number  to  a  numerical  factor  times  a  power  of  10, 

move  the  decimal  point  ,  make  the  power  of  10  j 

LEIT/RIGHT  POSITIVE/  NEGATIVE 


'si 


or    move  the  decimal  point  9  make  the  power  of  10 

LEFT/RIGHT  POSITIVE/NEGATIVE 


50 


751 


move  tta  decimal  point  ISFT;  make  the  power  of  10  POSCTIVE.j 
toove  the  decimal  point  RIGHT;  make  the  power  of  \0  NEGATIVE 


Fill  in  the  hlank  with  the  equivalent  power  of  10. 


on 


.000001 


Solution:    Move  deeimal  point  6  places  to  the  RIGHT;  exponent  is  NEGATIVE  6, 


Thus: 


.000001  =  1  x  10"6   „  xo"6 


# 


Pill  in  the  blank  with  the  equivalent  power  of  10. 


.001  s   m 


ifcge  k 


erIc  752 


753 


.001    ■=    1  X  10"*^ 


10* 


Decimal  point  is  moved 
'3  places  RIGB2?}  exponent'  is  NEGATIVE  J. 


Fill  in  the  blank  with  the  equivalent  pover  of  10. 


100,000, OQQ 


v 

Solution:    Move  decimal  point  8  places  LEFT;  expdneni  is  POSITIVE  8. 


Thus: 


100,000,000   m    1  %  ioe 


10c 


Fill  in  the  blank  with  the  equivalent  power  of  10- 


1,000  m 


ERIC 


.  7-54 


755 


f 


1,000    =    I  x  103  =  102 


Decimal  point  is  moved  3  places  LEFTj 
exponent  is  POSITIVE  3. 


Fill  iij  the  blanks  with  the- proper  numerical  factors 


Of 


3200  = 


3200  = 


x  10 


x  10" 


Solution:    Move  the  decimal  point  to  the  LEFT  when  the  exponent  is  POSITIVE;  arid  to  the  RIGHT 
when  the  exponent  is  NEGATIVE. 


Thus : 


3200 


3200  = 


•  5200         x  IQT 


x  10° 


Fill  in  the  blanK  with  the  proper  numerical  factor. 


Page  \> 


5050CO    -  .005   x  10?  .  ,  The  decimal  point  aoves  7  places  LEFT  x^hen  the 

o  exponent  ia  +7* 


Fill  in  the  blank  with  the  proper  TOluec 


Solutions    Move  the  dee  1ml  gilnt  12  places  RIGHT  when  the  exponent  is  NEGATIVE 
9000CO000O045  »  ^5 


Fill  In  the  blank  with  the  proper  value. 


.ooq>'6   =       %o  ■         x  io 


-6 


Exponent  is  UEQITIVS  6}  the  deeimal  point  moves  6 
placets  RXGIffi. 


'  1 

Fill  in  the  bianjt  with  the  equivalent  power  of  10 


,1  = 


Solution:  Move  decimal  point  one  place  to  the  RIGHT;  the  exponent  is  NEGATIVE  sne. 
Thus:        "  - 


.1  =  1  x  10'1  a  10 


F1J  L  -in  the  biank  with  the  equivalent  power  of  'lO.' 
.00000001    =    L  t 


>  761 


1l 


er|c 


.00000001    =    1  x  io-8    a  10"8 


Exponent  is  NEGATIVE  8  when  decimal  point  aoves 
8  places  RIGHT,  * 


Fill  in  the  blanks  with  the  proper  values t 

9.15  X  103    b    x  io6 

9.15  X  10°3  cs  x  io"^ 


&    j Solution; 


Move  the  decimal  point  to  the  LEFT  when  the  change  in  exponent  is  in  a  POSITIVE 
direction. 

Move  the  decijaaal  point  to  the  RIGHT  when  the  change  in  exponent  is  in  a  NEGATIVE 
direction 


Thus: 


9.15  X  103  m 
9.15  x  10~3  J 


•  00935 


6 


x  10 


Note: 


9A50 
*  mt 


Changing  from  103  to  10^  means  the  exponent  ehangea  by  3  in  a  POS  Misdirect  ion. 
Changing  from  1Q-3  to  10~6  means  the  exponent  changes  by  3  in  a  IffiSffflVE  direction. 


Fill  in  the  blank  with  the  proper  value 
^    '         2.20  x  10 "2    *  • 


x  10 


Page  9 


0 


ft 


I  0 

2.P0  x  10-2    =  ,0220   x  10      Changing  from  10"2  to  10°  means  the  exponent  changes  by  2 

in  a  POSITIVE  direction;  so    the  decimal  point  moves 
2  places  LEFT. 


Fill  in  the  blank  with  the  proper  value. 

3.33x10-*   =  y  1(T6 

Solution:    Changing  from  10"k  .to  10"6  means  the  exponent  changes  by  2  in  a  NEGATIVE  direction- 
so  the  decimal  point  in  3.33  moves  2  places  RIGHT.  ' 


Thus: 


5.33  x  10^   B   333  x  1Q.6 


0 


Pill  in  the  blanks  with  the  proper  values  „ 


ftige  10 


764 


765 


9 
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5.83  xlO1     ?    .5.830  X  20" 


Changing  from  102  t©  10"    means  the  exponent  changes  by  3 
in  a  NEGATIVE  direction;  so  the  decimal  point  in  5.83 
moves  3  places  to  the  RIGHT, 


Fill  in  the  blank  with  the  proper  value, 
«-    250,000  = 

5 

x  10 

Solution:    Mjve  the  decimal  point  5  places 

LEFT  when  the  exponent  is  POSITIVE  5- 

f 

Thus: 

* 50. 00c  2«5 

x  105 

 1  • ' 

FixL-  in  the  blank  with  the  proper  value. 
'    «  13,1(60  = 


x  10 


-12 


C  M  II  iWil  ■  ■ 

766 


_i2L 


'Page  11  . 


767 


=  j^1U6o1oooxff)QJ ooo , ooo  s  xp"12 


When  exponent  is  MGATXVE  12,  decisal  point' is 
moved  12  places  RIGHT . 


Fill  in  the  blanks  with  the  equivalent  powers  of  10.     Do  both  problems  before  checking 


answers. 


100, OOP 


.001 


768 


f 


\ 


.001  = 


10° 


Decimal  point  is  moved  5"  places  LEFT:  exponent  is 
POSITIVE  5, 

Decimal  point  ia^aoved  3  places  RIGHT;  exponent  is 
NEGATIVE  3.  \ 


x    Convert  the  following  numbers  to  SCIENTIFIC  NOTATION,  rounded  off  to  3  significant  digits. 
636. 1+2  = 
'  .OO3I+9&  a 

Solution:    Converting  a  number^to  SCIENTIFIC  NOTATION  means  to  convert  the  number  to  a  numerical 
factor  between  1  and  10  times  the  proper  POSITIVE  or  NEGATIVE  power  of  10. 


Thus:  Original  number 

636.1*2 
.003U92 


In  ■ctentifie"  notation^  b*t  In  ■eientifie  notation,  and 
NOT  rounded  off  rounded  off  to  3  significant 

digits 


6.361*2  x  10s 
3A92  x  10"3  " 


6.36  X  105 


3.1*9  10 


-3 


ERIC 


Convert  this  number  t'o  SCIENTIFIC  NOTATION,  rounded  off  to  3  significant  digits*. 


L 


.000088985  ■ 


770 


771 


o 


.O0008G835 


8.89  x  10"5„ 


r™.Ac  a1nuafl5er  tetweeE  1  ^  10;  deftoal  point  moves 
Kium  5  places,  so  exponent  is  NEGATIVE  5. 


4 


Convert  the  following  number  to  SCIENTIFIC  NOTATION/ rounded  off  to  3  significant 
45667  ° 


ligits. 


Solution:    Place  the  decimal  point  between  t.h»  h  »nA  c  +1, 

10  q-u,™  *v,rT^  ,  ;  oeween  tne  4  and  5  so  the  number  has  a  value  between  0.  and 
10     Since  the  decimal  point  moves  LEFT  4  places,  the  power  of  210  is  POSITIVE 

•    S  a  powerT^'  "  ^  ^  SCIEKTIFIC  M0™  **  a  nS^  be^een  1  anflO  ^s 


Thus:  V 

°    ■  h  S  ■  0 

45667     =  4.5667  X  10       a     4.57  X  10^ 


772 


khkksJO-  =    k.kk  x  10s 


k.kh  is  between  1  and  10;  decimal  point  moved  3  places 
LEFT;  exponent  is  +3.  • 


Fil,L  in  the  blank  with  the  proper  value. 

8-  ' 


6.660  x  10 


-h 


X  10 


-7 


Solution:    Changing  front  10"^  to  lO"?  means  ^he  exponent  changes  by  3  in  a  NEGATIVE  direction; 
1        ao  the  decimal  point  in  the  original  number  6.660  moves  3  places  to  the  RIGHT. 


Thus: 


6.660  x  XQ'k  « 


6, 660 


x  10 


-7 


Fill  in  the  blank  w,ith  the  proper  value* 


7.09  x  10*  - 


x  10 


-1 
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774 


775 


7.09  x  10*   =       709,000      x  10"1 


Changing  from  10  to  10"*  means  the  exponent5  changes  by 
5  in  a  NEGATIVE  direction;  so  the  decimal  point  in  7  OQ 
moves  5 "places  RIGHT.  ,  '* 


776  \ 


i 


1 


ERIC 


83,000 

.0000525 


.0630QQ  •  X  10c 
'■  "    »  — — ? 


52,500,000  it  10 


-12 


POSITIVE  6. exponent;  decimal  point  moves  6  peaces  LEFT.  \ 

NEGATIVE  12  exponent;  decimal  point  moves  12  places  ■ 
RIGHT.  '  . 

*  *  ■  • 

\ 


Convert  the  fallowing  number  to  SCIENTIFIC  NOTATION,  rounded  off  to  3  significant  digits. 

665,878  -   

Solution:  6.65878  is  a  number  between  1  and  10.  Since  decimal  point  moved  5  place*  LEFT, 
exponent  of  power  of  10  fketor  is  POSITIVE  5.  6.65878  is  now  rounded  off  to  3< 
significant  digits. 


Thus: 


665,878   -   6.6S878*  x  105   m   6.66  x  10s 


Convertxthe  following  number  to  SCIENTIFIC  NOTATION,  rounded  off  to  3  significant  digits. 
.OOOO8887  -   


L_ 

■778 


Bage  17 


779 


.0000888?  -   8.888?  xlQ*5  -  8.89x10" 


Fill  in  the  "bionics  with  the  proper  values. 


k.2h  x  10" 


6.28  x  10* 


780 


U.2U  x  KT6    =    .00h2k       x  10 "3 

Changing  from  10~^  to  10"3    means  the  exponent  changes 
uj  ^  -  in  ti  rvuiiivci  cLir^cuion^  cjq  QLecu2**i  point*  in  u.c^ 
aoves  3  places  to  the  LEFT, 

6.28  X  10U     -    6,280,000  x  10-2 

Changing  from  10    to  10  tf  means  the  exponent  changes  by 
6  in  a  NEGATIVE?  direction;  so  the  decimal  point  in  6.28 
moves  6  places  to  the  RIGHT. 

^^Convert  the  following  numbers  to 
Do  both  problems  before  checking 

SCIENTIFIC  NOTATION,  rounded  off  to  5  signif leant  digits  . 
answers . 

e  00003 if 567  a 

& 

\ 

881^38      B  __ 

i 

V 

9 

Ktge  19 

782 


783 


ooqa3U567  x  10"* 

&31.238  «  8.8l  x  106 


Powers  of  10  simplify  problem  solving/   For  exassiple:  ' 
Multiplication:    2,000  x  45,OOQ  *<=  j[2  x  103)  x  (4.5  x  10**)  =  9  x  lo7 


Division: 


5,000     3  x  103  5  —  — 


Extracting 

Square  root:        7^,000,000     s  ^ATl06  -  2  x  l(f2  «  2  x  103 


Squaring  a 
number: 


(20,000)*  -  (2  x  10 V  -  h  x  10^XZ  «  U  x  lO8 


Study  the  above  examples  for  a  moment. 

No  response  required  on  this  page. 
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Solve  uolng  power q  of  10 « 

10,000  X  100  a  '* 

.0000001  x  .001     a  | 
10,000  x  .001  b 
?•:  3, 000  x  liOO 
6200  x  ,02  x  2000  £ 


c 


Solution:'  To  multiply  two  or  more  numbers  using  powers  of  10,  add  the  powers  (t»*ponen$*)  and 

retain  the  baa©  10. 

Thus: 


1Q^00< 

3  x  100 

o  i  x  io1*  x  i  x  io2 

a 

iou+g  ' 

'  6  6' 
«  10 

.0000001 

x  .001 

a  1  X  10°7  X  1  X  10"3 

CD 

w-7*(-3) 

(. 

-  10,000 

x  .001 

K 

-  1  x  10   x  1  x  10~3 

H 

10M-3) 

.10  * 

23,000 

X  500 

=•  2.3  <x  l©**  x  5  x  10® 

El 

11.8  x  10 

'<                ,^  J 

n  U.S  X  10& 

6200  X  .02  X. 


a  6.2  x  108  X  2  x 


"B  x  2  x  10a  -  2U.8  x  10a*(-8)*3  »  2^.8  x  10^ 


0^    Solve  using  powero  oi 

r  10. 

o 

4 

106  x  10a  ,x  10~3  x  1C 

( 

\ 

P&ge  23 

786 


V 


9 
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"  3500  x  .0035  £  8000 


(3.5  x  103)  x  (3.5  x  10"3)  x  (8  x  103) 
(3.5  *  3.5  x  8)  x  io3*<-3>*3 


98  x*  10: 

\ 


Solve  using  powers  of  10. 


10' 

103  , 

Solution:    lb  divide,  «ove  10^  tram  the  denominator  to  the  numerator;  chance  the'  sign  of  the 
exponent  3;  then  add  the  exponents* 


Thus:  10^ 

*  103 


107  x  10"3 


-  10 


T*<-3) 


10" 


0 


Solve  using  powers  of  10. 


660,000 
.0002 


Page  23 


7/3 


792 

o 

ERIC 


793 


1ti 


J.b.OOO.OOO    a    k.b  x  IP7    „  U.5  X  10?  x  IP3 
•0°5  5  x  10-3     "  5 


9  x  10i0  or  9  x  10- 


Solve  using  powers  of  10 « 

.00006  x  .1UU  x  .02  - 


Solution:    Convert  factors  to  SCIENTIFIC  NOTATION;  multiply  the 
numerical  factor*;  and  add  the  powers  of  10. 


Thus: 


.00006  x  ,lkk  x  .02   -    (6  x  10"5)  x  (l.kk  x  10*1)  x  (2  x  10"8) 

-  (6xl.UUx2)xl0-54,(-lM-2) 

-  17.28  x  10"6 


Solve  using  powers  of  10. 

1,200  x  200  x  .OOCjJ  = 

Cage  25 

EKJC  794 


795 


720 


laco  s  200  x  .0003      (1.2  x  103)  x  (2  x  10s)  x  (3  x  io"k) 

=   (1.2  x  2  x  3)  x  10a+2+(-^) 
=   7.2  x  101 


Solve  using  powers  of  1C 


(10*)  = 


Solution:    To  raise  a  power  of  10  to  the  second  power,  multiply  the  power  of  10  by  2. 


Thus: 


(10U)     «   10^   »  108 


Solve  using  powers  of  10- 

do6;2  » 


*  796 
ERIC 


797 


1zi 


(106)"    .    106*2    o  1012 


Solve  using  powers  of  10. 


(30,000) 


Solution:    Convert  to  SCIENTIFIC  NOTATION;  square  the  numerical  factor;  and  multiply  the  power 
of  10  by  the  exponent  2. 


Thus:- 


(30,000) 


(3  x  -  3£  x  101*2   -   9  x  108 


Solve  using  powers  of  10. 

(6  x  103f  » 


Bage  27 
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798 


799 


722- 


( 


9 

ERIC 


800 


801 


1: 


,000005         5  X  10-6 


1  =    ULi£   „    10  X  105    B    2  x  1Q5 


NOTE:    We  converted -the  1  to 
a  10  to  sake  it  easier 
to  divide  by  5, 


Solve  using  powers  of  10. v   Do  both  problems  before  cheeking  answers. 


107  x  5  x  10  ^  x  106 


.225  X  .002  x  .OU  « 


Eage  29 


eric 


803 


7 


io7  *  5  x  m-Kx^io6  .   5  x  iO^-2)^  *ts '  5  x  1011 


.225  x  .002  x  .04   =    (2.25  x  lO"1)  x  (2  x  lO^.x  (4  x10^)    .    18  x  10^ 


Solve  using  powers  of  10. 


/ 


Solution:   ^extract  the  s^oot  or  a  pover  of  10,  divide  the  exponent  >y  2 


Thus; 


^  «  ,io8+2.  io* 


804 


80! 


1 

V^IO6    -     106         m  IP3 

• 

Solve  using  powers  of  10*  ^ 

* 30  x  20  x  2  x  3  x  MP  ■ 

V 

Solution:    Combine  and  convert  the  factors  under  the  radical  sign  into  2  factors,  a  numerical 
fUctor  and  an  1 'EVEH"  power' of  10. 

By  even,  we  Mean  that  the  power  can  he  divided  evenly  by  2. 

Thus: 

</50«»«8.3s*  J 

.  6xl0^2 

-     6  x  108 

Solve  using  powers  of  10 • 

J iooo  x  10T               «  - 

t                                                                                     Bage  31 

806; 


807 


nib 


808 


803 


1z 


! 

k 

— «    1    ,  =  l/x  l0"s  «  10  x  10-6 

500,000     5  x  10a             5                   s              g  x  xu  - 

- 

108  x  10              109                ,    109  x  10s  x  lO"3   -  1011 

io*bx  1,000      iQ^xio3           A  1  ' 

&      ...   .               ■■  •  

Solve  using  powers  of  10. 

^ 81,000  x  103  » 

Solutlon:  sr^s  srs  &    ^  * numricsi    timM  - 

••EVEN" 

Thus: 

v^i,oobx  io3  -  Vaix  io^ 

■    9  31  10w 

J                                           s    Qtt  TO3 

boive  using  power*  of  10. 

^2500  x  101*  = 

812 


813 


'ssoo  x  10*  =  vSF77?"  s*'106"2  -_s_£_i£L 


/I 


Solve  uB^ing  powers  of  10.      Do  both  problems  before  cheeking  answerq 


(100  x  10,000)' 


(3  X  105) ' 


L 


0 

ERIC 


814 


Ikge  35 


81 


A  x  3  x  12  x  10k   a  x  -10ft   «    12  x  16s 

^  160  x  1C5  -  /l6  x  106     «  103 


/ 


Electronic  problems  are  often  combinations  of  multiplication,  division,  extracting  square  roots, 
etc.  ^ 
It  is  suggested  that  combination  problems  be  solved  in  this  order: 

(1)  Convert  all  factors  to  SCIENTIFIC  NOTATION,  or  to  small,  easy  to  handle  numbers, 
multiplied  by  the  proper  powers  of  10. 

(2)  Extract  square  roots  (thus  removing  radical  signs). 

A  •  - 

(?)  Multiply,  divide,  etc.,  until  soltftion^is  reached* 

» 

Study  the  above  for  several  moments,  then  continue  below. 


^  FO 


11  in  the  "blanks : 

To  extract  the  square  root  of  a  paver  of  10,  the  power  of  10  oust  be 


odd/even 


If  it  is  not     _____  9  i*  must  be  made  , 
odd/even  odd/even 
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even     even  even 


Solve  using  powers  of  10. 


2*V.03  x  12  x  .000001 

Solution:    This  type  of  problem  is  very  common  in  electronics.,   The  factor  r  always  has  a 
numerical  value  of  J.lU.    Thus,  2n  =  2  x  3.14  =  6.28  ' 

When  you  are  asked  to  solve  a  problem  containing  as  in  the  problem  above,  you 

can  simplify  its  solution  by  substituting  159  x  10"3  in  place  of  the  factor  J- 
■      .  »  •      •  •  2tr 

This  substitution  is  permissible  because 

•ir =  nr^m  =  dr "     « is9  x  io-a 


Thus: 


159  X  10"3  159  x  ID"3 


W.03  x  12  x  .0)0001-     y.03  x  12  x  .000001      7*7^  '  6715*     *  X  ^ 

Study  the  above  for  «$£veral  moments,  then  continue  below. 


f 


1 

2  x  3.1U 


1       3    .159  or 

>T2F   


NOTE:    This  answer  is  very  important.    You  will 
use  this  information  many  times,  both  in 
159  x  10~3  this  program; and  in  the  weeks  ahead. 

MEMORIZE  IT. 


«,   Solve  using  powers  of  10. 


2  x  x  2  x  .00002 


Solution:    Rewrite  problem  to  have  159  x  10*3  in  the  numerator;  then  solve. 


Thus: 


2  x  ^.0O0U9  x  2 


159  x  10 


,-3 


x  .00002  /.Q00U9  x  2  x  .00002        A96  x  10"10         lk  x  1(r 

s  11.4  x  10+2 


Solve  using  powers  of  10. 
1 

6-28  /.OU  x  360  x  10*7 
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—  1    s     159  X  1Q-3        159  X  10       ia  nr  „ 

-  oA  /- — "  ■  rr  r        1  "  "-~  "  3-3.25  *  10   or  132.5 

5-28/.oi*  x  360  x  10-7      ym    10-8  12   


Sol^  using  powera  of  10. 

.159 


t— r 


v^.0008  x  32  x  10-6 
Solution:    Convert  .159  to  159  x  10'3;  then  solve. 
'muB !  -159  „      159  x  10-3 


159  x  10 "3 


V.0003  x  32  x  lO-^     >/8  x  32  x  10"1*  x  10"6     16  x  10"5 


159  x  IP"3  x  10s 
16  

9.94  x  io2 


Solve  using  powers  of  10. 


6.28  x  21»0  x  .0006 
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825 


1^ 


6.28  x  21*0  x  .0006       2„U  x  6  x  102  x  10**         U.U  x  10"2  U.1+ 


x  IP-3      159  x  10°3  x  jffi.  a  U#0U  x  10=i 


NOTE: 


6.28 


=    .159  or  159  x  10" 


Solve  using  powers  of  10- 

1 


v  .09  x  It  x  10  * 
Solution:    Rewrite  problem  to  read  159  x  10"®  instead  of 

Thus :         159  x  10 


2  x  3.1U 


 „  159  X  10"a    „.  159  x  IP"3    m  159  X  1Q"3  X  IP3 

^.09x  k  x  10"u    /36  x  10"6         6  x  10-3  6 


26.5 


Solve  uaing  powers  of  10. 


.1*  9  x  h  x  10-8 
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.49  x  k  x  10 


159  x  10°3 
11+  x  10"5 


159  x  IP"3  x  10^ 
Ik 


Solve  using  powers!  of  10.       Do  both  problems  before  checking  answers. 


6.28  x  25,000  x  .000013  - 


C? 


x  io-J*)2  x  100,000  = 


Ekge  42 


1*1 


OA    tr    OC    AAA    v       AAAA1  "3                 ^    /VI           /  <gj    ^    __                                    <-\           ti  ^\"*5  \ 

o.^o  x  <?,ouu  x  .000013   ■»          x  (2,5  x  10  )  x  (1»3  x  10  ) 

■   6.2B  x  2,5  x  1.3  x  10   x  10  J 

* 

* 

-    20. U  x  10"1 

■ 

or 

-  2.0U 

') 

Y 

(lQ  X  lO"1*)^  X  100  000*    a     Ifl^  v  10"®  X  lO^ 

r 

»    324  x  10"3 

> 

> 

or 

-    5.2*  x  10"1 

You  have  completed  the  program  on  Powers  of  Ten. 
Notify  your  instructor. 

A 
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832 


833 
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5.    Solve  the  problems  on  this'  page  using  powers  of  10.        7'    Solve  using  powers  of  10. 


a.  U50  x  .625  x  90,000  = 

b.  .00005  x  8  x  10'^  x  106- 
e.    10"3  x  108  x  1*  x  l07  = 

d.  .125  x  .0003  x  .05  = 

9 

e.  33,000  x  1,000,000  x  300 

6.    Solve  using  powers  of  10. 
99,000  _ 


.003 


b. 


2500 
.OOOMl 


d. 


11,000,000 

550,000 
.000005  = 


10  x  10' 
100  x  10 


■1*  = 


ERIC  834 


a.  (100)2  = 

b.  (U  x  106)2» 

c.  (5000)2-  = 

d.  *  (10  x  1000)2  = 

t 

e.  (103)2  = 

8.    Solve  using  powers  of  10. 
a«  VlO  x  109  » 


b*  J 900  x  101*  = 


c*  ^36,000,000  = 

d.  y^r  = 


*•  ^20  x  3  x  6 


x  103  = 


Page 
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9»    Solve  usiug  powers  of  10. 


a.    (16  x  lO"3)2  x  10,000 


b.    6.28  x'  55,000,000  x  .0000017  o 


*    OB  x  120„  x  .000003  = 
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INSTRUCTIONS 

This  programmed  text  was  prepared  under  the  technical  supervision  of  the  George 
Washington  University  Human  Resources  Research  Office.  The  text  provides  a  REVIEW  of 
specific  elementary  mathematical  skills.  This  text  consists  of  two  volumes.  Volume  I  re- 
views multiplication  and  division  of  decimals,  cancelation,  and  powers  and  roots.  This  volume 
reviews  simple  equations  and  proportions.  To  sucessfully  complete  this  volume,  you  must 
know  the  mathematics  covered  in  Volume  I. 

(  The  contents  of  this  tejrt  are  presented  to  numbered  statements  or  problems  called 
"Frames."  The  answer  to  frame  number  1  appears  below  frame  number  2;  number  2' s 
answer  follows  frame  numbVr  8,  etc.  Read  each  frame  carefully  and  fill  to  the  word(s)  or 
number(s)  in  the  parentheses  which  will  complete  the  statement  CORRECTLY  For  example- 
eight  divided  by  four  equals  {JL  ).  'l 

Next,  compare  the  correct  answer  (below  the  next  frame)  with  yours. 
If  your  answer  is  correct,  go  to  the  next  frame. 

If  your  answer  is  wrong,  reread  the  frame,  draw  a  line  through  your  answer  and  write  the 
correct  answer  next  to  (or  below)  yours. 

Complete  each  frame  in  sequence.  Don't  skip  any  of  them.  THIS  IS  NOT  A  TEST,  so  you 
may  refer  to  previous  frames  at  any  time  you  want  to.  You  may  work  at  your  own  best  speed. 
You  are  NOT  beinsr  timed. 


YOU  MAY  BEGIN 


i 
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Mathematics  V 


SMFLE  EQUATIONS 
(Part  One) 

%& 

L  A  simple  equation  is  an  algebraic  ex-  8.  M  §s  +  7  =  22,  replacing  z  by  3  gives 
pression  with  one  unlmown  quantity.  This      the  number  (  )  on  both  sices  of  the 

"unknown"  is  indicated  by  an  "x"  ®r  some.  equation, 
other  letter.  2x  +  4  -  2  is  a 


2.  4s  =  16.  This  is  a  simple  (  ).  10 


3.  In  a  simple  equation^  the  LETTER 
stands  for  the  unknown  quantity.  M  the 
equation  6x  +  9  =  14,  the  letter  (  ) 
stands  for  the  unknown. 


9.  to  6w  +  4  n 
the  number  ( 
equation. 


,  replacing  w  Sy  1  gives 
)  on  both  sides  of  the 


22 


4.  1b  4a  +  1  s  12,  the  letter  "a"  stands  for 

the  (  L 


10</ A  number  which,  when  substituted  for 
the^  unknown,  makes  both  sides  of  an  equation 
equal  is  said  to  satisfy  the  equation.  In 
2y  +  7  a  0,  toes  1  satisfy  the  equation?  In 
other  words,  does  (2  x  1)  +  7  ?=  9?  (  ) 


5.  In  7z  =  14,  the  unknown  is  (  ). 


unknown 


8.  In  7z  =  14,  replacing  the  unknown  z  by  2 
and  multiplying*  the  2  by  7  gives  the  number 
(      )  on  the  left  side  and  on  the  right  side. 

z 


7.  In  2y  +  4  =  10,  replacing  y  by  3,  multi- 
plying the  3  by  2,  and  adding  4  gives  the 
number v  (  )  on  both  sides  of  the 

equation. 

o 
14 


841 


10 

11.  Does  4  satisfy  the  equation  2z  +  2  =  10? 
That  is,  does  (2  x  4)  +  2  =  10?  (  ) 

Yes 

12.  Does  8  satisfy  the  equation;  4x  =  20? 
(  ) 

Yes 


13.  Does  §  satisfy  the  equation:  2x-lS? 


No 


1 


14. 
81?  ( 


11  satisfy  the  equation:  7r  +  4  =  21. 
) 


No 


1§.  A  number  which  sati^ 
when  substituted  for  the  ur 
be  a  value  of  the  unknown"} 


ies  an  e< 
K>wn  is  said  to 
2s  2  a  value  of 


the  unknown  z  in  4e  +  4  =  12?  That  is:  does 
(4  x  2)  +  4  =  12?  (  ) 


=  2  in  22  +  1  =  4?  I 


Yes 


22.  To  SOLVE  a  simple  equation  means  to 
FIND  the  VALUE  OF  THE  UNKNOWN  which 
^  SATISFIES  the  EQUATION.  Is  x  =  2  a  solu- 
if  4x  +  1  =  9?  (  ) 


No 


Yes 

18.  Xg  1  a  value  of  x  in  4x  +  1  =■  5?  (  ) 

Yes 


17.  Is  4  a  value  of  y  in  the  equation  4y  -  8  = 
10?  (  ) 


Yes 


13.  Does  z  -  4  in  the  equation  3s  +  4  =  16? 


No 

> 

19.  In  the  equation  8x  +  4  =  4+  x  +  5,  does 
x  =  1?  (  ) 

(Hint:  Substitute  1  for  x  on  BOTH  sides 
of  the  equation  and  see  if  the  sides  are 
equal.) 


20.  Does  r  =  8inr  +  4  =  12?(  ) 


Yes 


23.         =  4  a  solution  of  4e  =  2e  +  8?  (  ) 

Yes 


24.  Is  r  =  1  a  solution  of  r  +  8  =  r  «  8?  (  ) 

Yes 


25.  Is  y  =  4  a  solution  of  y  ^  2  =;  2?  (  ) 

No 

(Because  1  +  e  does  not  equal  1-8;  Vl 
1  +  8  =  9  and  1-  8  =  -7.) 

26.  A  term  can  be  moved  from  one  side  of 
an  equation  to  the  other  by  CHANGING  ITS 
SIGN  either  from  plus  to  minus  or  minus  to 
plus.  In  the  equation  x  +  1  »  4  you  can  move 
+1  t©  the  right  side  and  write  the  equation 
x='4-l.  Subtracting  1  from  4  you  get 
x  =  (  ).  ^/ 

Yes  I 

27.  In  the  equation  x  +  4  =  9  you  can 'move  ^ 
+4  to  the  right  to  give  x  =  9-  4orx  =  5.  In 
the  equation  2x  +  7  =  12,  move  +7  to  the  right 
and  write  the  resulting  equation.  (  ) 

(Hint  Remember  to  CHANGE  THE 
d  SIGN.) 

x  =  3 


2 

ERLC 
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28.  To  move  a  term  from  one  side  ©f  an 
equation  to  the  other,  you  must  change  its 
(  ). 


2x  =  12-7 
or 

2k  =  5 


29.  To  move  a  term  from  one  side  of  an 
equation  to  the  other  and  change  its  sign  is 
to  TRANSPOSE  the  term.  To  transpose,  you 
must  change  the  (  ). 


34.  Is  x  =  4  a 


2x  *  4  +  x?  (  ). 


2x  -  x  =  4 
or 
x  =  4 


3E.  Solve  the  equation  x  °  4 
posing  -4.  (  ) 


Yes 


8  ay  trans« 


sign 


x  +  6  s  12  by  transposing  +6. 
) 


30.  In  2x  +  4  =  8,  transpose  +4  rand  write  the 
resulting  equation,  (  ) 

(Hint:  Remember  to  CHANGE  THE 
SIGN,) 


sign 


x  =  12 


37.  Find  the  vali^  of  z  in  2z  =  4  +  z  hy 
transposing  the  z  from  the  right  to  the  left 
side  of  the  equation.  (  •  ) 


31.  To  move  a  term  from  one  side  of  an 
equation  to  the  other  and  change  the  sign  is 
to  (  )  the  term. 


38.  r  ~  4 


2x  *  8  -  4 
or 
2x  =  4 


a°4 


e  +  4 


e  -  { 


i  32.  Transpose  -5  in  the  equation  x  -  §  =  Q 
and  write  the  resulting  equation.  (  ) 


transpose 


33.  Transpose  the  x  on  the  right  side  of 
2x  =  4  +  x  and  write  the  resulting  equation. 

(         ■    \  ) 


x  = 


'43 


).  r  +  6  »  2.      r  =  (  ). 


41.  3y  =  2y  +  8.       y  =  (  ). 


of 


42.  As  you  can  now  see,  the  idea  of.  TRANS- 
POSING letters  and  numbers  from  one  side 
of  an  equation  to  the  other  is  that  you  must 
get  ALL  of  the  UNKNOWNS  ON  ONE  SIDE 
and  all  of  the  PLAIN  NUMBERS  ON  THE 
OTHEH.  Thus,  in  the  equation  x  +  6  =  2x  +  5 
you  would  want  to  get  the  unknowns,  x  and 


2x,  on  one  side  and  the  numbers  ( 
and  (  )  on  the  other. 


) 


49.  A  COEFFICIENT  is  the  number  placed 
before  a  letter.  In  the  equation  4x  =  8,  4  is 
the  coefficient.  In  the  equation  7x  p  20,  the 
coefficient  of  x  is  (  ). 


§0.  In  the  equation  10s  =  40,  the  coefficient 


of  s  is  ( 


43.  You  transpose  to  g 

(     x  ) 

on  the  other. 


(a)  (  ) 
) 


6  (and)  5 

44.  In  tne  equation:  4y  +  6  =  y-  9  you  would 
transpose  to  get  (  )  and  (  )  on 

one  side  and  6  and  -9  on  the  other. 

(a)  on  one  side       (b)  numbers 


45.  In  the  same  equation:  4y.  +  6  =  y  °9  you 
transpose  (changing  signs)  and  get  4y  =  y  = 
=9  -6.  (     ?     )  =  -is  (by  subtraction). 

4y  (and)  °y 


46.  2z  +  4  =  z  +  12.       z  =  (  ). 
(Hint:  transpose  both  +4  and  z) 

3y 

47.  8z  -  6  =  4s  +  10.       z  =  (  j 


SI.  In  the  equation  5w  +  10  =  3w  +  20, 
coefficients  of  w  are  (        )  and  (  ). 


10 


52.  To  solve  an  equation  with  a  coefficient 
of  the  unknown,  you  must  eliminate  the  co-s 
efficient  so  that  the  unknown  will  be  all 
alttie  on  one  side  of  the  equation.  Thus  in 
5b  =  10,  the  unknown,  b,  is  not  alone;  it  still 
has  a  coefficient,  5.  Is  the  unknown  alone  in 
6r  *  12?  (  ) 


S  (and)  3 


53.  Is  the  unknown  alone  in  r  =  2? 


No 


To  solve  an  equation  with  a  coefficient  of 
the  unknown,  you  must  divide  both  sides  of 
the  equation  by  that  coefficient.  For  example, 
in  the  equation  6r  -  12,  you  divide  6r  by  6 

6r  12 

and  12  by  6  giving  you  —  =  —  and  dividing 


by  6  you  have  Ir 
same  as  r,  r  =  2. 


2,  or  since  If  is  the 


J  48.  By  +  4  =  y  -  30  +  10.  V  y  =  ( 


(Continue  on  with  next  problem) 


Yes. 


844 


64.  In  the  equation  4b  =  16,  you  must  divide  57.  Find  the  value  of  z  in  4z  =  8  bv  dividing 

both  4b  and  16  by  4,  the  coefficient  of  b.  You  both  sides  of  the  equation  by  4  toe  coeffi 

thus  have  4b  =  16  and,  after  dividing,  b  =  eient  of  z  (  )  " 

(  )•  • 


55.  in  3y  =  12.  find  the  value  of  y  by  divid- 
ing both  sides  by  3.  the  coefficient  of  v 
(  ) 


Sx  =  -10. 


x  =  2 


x  =  ( 


z  =  2 


56.  Divide  both  sides  of  2x  =  4  by  2,  the 
coefficent  of  x,   and  write  the  resulting 
'        equation,  (  ). 


IB.  6x  =  24. 


x  =  ( 


END  OF  SET 


y  =  4 


V 
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Mathematics  V 


SIMPLE  EQUATIONS 
(Part  Two) 


60.  In  many  equations  it  is  necessary  to 
'  first  transpose  terms,  then  collect  terms, 
and  finally  divide  by  the  coefficient  of  the 
unk-iown.  For  example,  to  solve  the  equation 
3d  +  6  «  12,  transpose  to  get  3d  =  12  -  6, 
collect  terms  to  get  3d  =  6,  and  divide  by 
the  coefficient  to  get  d  =  (  ). 


61.  In  *z  -  9  =  6  -  3,  you  get  4s 
after  transposing  and  4z  =  ( 
combining  terms. 


-3+9 
)  after 


66.  Then  you  ( 


(a)  unknowns 


)  terms. 


(b)  numbers 


67.  Finally,  you  divide  by  the  (  ) 
of  the  unknown  to  find  what  the  unknown 
equals. 


collect  (combine) 


52.  4z  =  12. 


z  =  ( 


12 


). 


68,  Solve  2a  +  5  =  9  by  transposing,  collect- 
ing  terms,  and  then  dividing  by  the  coeffi- 
cient of  a.  (  ) 

coefficient 


69.  16r  +  4  =  lOr  +  16. 


r  =  ( 


63.  In  10/  +  4y«  -  2  =  4y  +  8,  you  get  lOy  + 
4y  -  -  4y  «  8  +  2  after  transposing  and  after 
combining  terms  you  have  10y  =  (  ). 


a  =  2 


70.  2e  +  10  =  30. 


e  -  ( 


lOy  =  10. 


y  *  ( 


)■ 


71.  4x  -  x  -  5  =  0. 


=  ( 


10 


10 


65.  Remember  that  when  solving  equations 
you  first  get  all  of  the  (a)  (  *  )  with 

their  coefficients  on  one  side  and  all  the 
plain  (b)  (  )  on  the  other  side. 

TMs  is  done  by  transposing. 


72.  14w  +  6  -  4  =  2w  +  28  =  2.    w  =  ( 


5  2 

j  or  1-  or  1.667 


73.  6y  +  12  -  2  =  3y  +  7. 

2 


y  =  ( 


848 


9 
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74.  ALL  the  signs  in' an  equation,  both  plus 
and  minusT  can  be  changed  without  changing 
the  value  of  the  equation.  Thus.  -2z  =  -4  can 
be  written  2z  -  4  and  -y  =  2  can  be  written 
(  )• 


82.  40w  +  6  =  45w  «•  8  -7. 


-2 


w  =  ( 


75.  Change  ALL  of  the  signs  in  =x  =  -3  and 
•write  the  resulting  equation.  (  ). 


83.  The  same  operations  that  are  used  for 
all  simple  equations  are  also  used  for 
simple  equations  which  use  letters  in  place 

of  numbers.  Thus  if  ab  =  c;  a  =  ^-  and  if 


xy  =  c;  x  =  ( 


y  =  -2 


76.  Change  all  the  signs  in  ~2x  =  4  and  write 
the  resulting  equation.  (  ). 


84.  2x  =  6b  can  be  solved  for  x  by  dividing 
both  sides  by  2.  Thus  the  solution  would  be 
x  =  <      .       ).  " 


77.  In  -x  =  2. 


x  =  3 


x  =  ( 


2x  =  -4 


c_ 

y 


(y  may  be  considered  to  be  the  co- 
efficient of  x  in  this  case) 


78.  In  -y  =  -5. 


y  =  ( 


85.  8x  =  16z. 


x  =  ( 


3b 


79.  -2z  =  8. 


z  =  (  )• 


i  i 


80.  5y  +  3  =  6y.  y  =  (  ).  86-  3r  =  r  =  (  )• 


2z 


81.  2z  -  4  =  4z.  z  =  (  .  ).  87.  3z  =  w.  z  =  ( 


2t 


847 

0 


d  =  rz. 


e  =  m. 


r  =  ( 


w 
3 


1  =  ( 


d_ 
z 


). 


). 


96.  For  our  equation  f  =  4  or  ix  =  4,  we 

o  6 

must  change  x  from  a  fraction  into  a  whole 
number  in  order  to  solve  the  equation.  To 
do  this  we  multiply  both  sides  of  the  equation 

by  6  .giving  us  |x  =  4  x  6  or  |  x  =  24.  Since 
g  equals  1  we  are  left  with  the  answer 


x\=  24.  |=3. 


x  =  ( 


90.  I  = 


>1.  PV  =  RT. 


92.  V  =  CR2H. 


R  =  ( 


E 

5  or  E/R 


I/PT 


H  =  ( 


PV/R 


one-third  of  x  equals  9 
(or±x  =  9)  _ 


97.  In  the  equation  £  =  2,  this  means  |x  =  2. 

If  "one-fifth  of  x  is  2."  ALL  of  x  must  be  2 

times  5,  or  10.  Multiplying  both  sides  by  5 

5  h 
we  get  gX  =  2  x  5  or  x  =  10.  |  =  3,  so  b  = 


( 


). 


12 


93^  PV  =  RT. 


\ 

94.  PV  =  RT. 


R  =  ( 
V/CR2 

* 

P*( 


98.  To  solve  the  equation  £  =  1,  you  must 

o 

multiply  both  sides  of  the  equation  by  5,  You 

thus  have  -  =  1  and  multiplying  by  5  you 

5c  5 
have  -  =1x5  and  canceling  -  on  the  left 

5 

(since  —  equals  1)  gives  c  (  ). 


PV/T 


95.  Up  to  this  point  we  have  been  interested 
only  in  equations  of  the  type  2x  +  5  =  10. 
Some  equations  are  of  a  fractional  type.  An 

example  of  this  f  =  4.  This  could  be  written 
|x  =  4  or  stated  one-sixth  of  x  equals  4. 
|  =  9  coiud  be  stated  (  ), 


(if of  b  is  3;  all  of  b  is  6.) 


99.  Solve  j  =  1  by  multiplying  both  sides  by 
4.     z  =  (  ). 


(Hint:;-|z  =  1.  Thus  |z  or  2  =  (  .) 


RT/V 


84S 


100.  Solve  the  equation  j=  4  by  multiplying 

N 

both  sides  by  2.   x  =  (  ). 


n 


107.  t=-4. 
4 


r  =  ( 


15 


). 


101.  Solve  |-  =  4  by  multiplying  by  6.  y 
o 


( 


108.  Many  problems  require  a  combination 

3x 

Of  all  techniques  of  solving.  Solve  ^  -  12'= 

-9  by  first  transposing  -12,  then  multiplying 
both  sides  by  4  and  then  dividing  by  3,  the 
coefficient  of  x.    x  =  (  ). 


=16 


102.  J  =-2. 


103.  |  =  2. 


x  =  ( 


24 


w  =  ( 


109.  To  solve      +  8  =  12,  you  must  trans- 

fin 

pose  +8  to  get  y  =  12  -  8,  then  combining 

terms  gives  ~  »  4,  then  multiplying  by  3 

gives  6p  =  12,  then  dividing  both  tides  by  6 
gives  p  =  (  ). 


104.    -7  =  3. 
-4 


t  =  ( 


4z 

110.  Solve  g-  +  4  =  7  by  transposing,  multi- 


plying, and  dividing,    z  =  ( 


18 


105.  y  =  4. 


y  -  ( 


). 


(Hint:  first  multiply  by  3,  then  di- 
vide by  4  since  the  problenS  states 

that|y  =  4.) 


Ul.  f  +1  =  3. 


15 


x  =  ( 


or  3.75 


•12 


112.  +  5  =  7. 


106.  ~  =  6. 
5 


(Hint:  you  can  handle  x  -  1  as  if  it 
were  a  single  number.) 


9 
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84fi> 


113,  iUc. 


a  =  ( 


(Hint:  multiply  both  aides  by  b.) 


x  -  1 


i; 


An  equation  of  the  type  ^  +  5 

2  6 


J  is 

much  the  same*  as  those  you  "have  been  doing 
except  that  you  must  multiply  it  by  a  LOW- 
EST COMMON  DENOMINATOR  in  order  to, 
eliminate  the  fractions.  The  first  step  in. 
solution  would  thus  be  to  find  the  \  i 

(         )t.  ). 


114.  -f  =  I. 


x  -  1  =  4 

A  =  5 


be 


b 


119.  To   solve   an   equation   in  the  forrri 

9  +18  you  s*  *irst  mul*iPfy  EN- 
TIRE  EQUATION  by  the  I  , 
<  M  J 

lowest  common  denominator 


115.  4  =  v. 


116.  f  =  v. 


s-( 


LI 


t  ^( 


). 


h 


*  (Hi4t;  first  multiply  both  .sides  iby  t, 
-then,  divide  bQth  by  v.) 


120*  The  lowest  common  denominator  is  the 
smallest  number  that  all*  denominators  will 
divide  into  evenly.   For   example:  in  the 

equation  -g  +  —     4,   the   lowest  common 

X  X 

denominator  of  ^  and  ^  is  18.  In  the  equation 

x    x  » 

I  +  10  =  ^'        lowest  common  denominator 

offandiiac  ). 


lowest  common  denominator 


117. 


x  a 


tv 


V 


• ) 


-121. 


equation  |  +  ~  -  10,  the  lowest 


common  denominator  of  4  and  ri  is  ( 

6  12 


END  OF  SET 
12 


V 


1 


122.  The  first  step  in  solution  of  as*  equation 
involving  fractions  is  to  multiply  the  EN- 
TIRE equation  by  the  lowest  common  de- 

nominator.  Thus  in  the  equation  ||  +-|  a  20, 

you  must  multiply  the  entire  equation  by  the 
lowest  common  denominator  which  is  (  ) 
in  this  equation. 


123.  In  an  equation  involving  fractions  you 
must  multiply  EVERY  TEEM  in  the  equation 
by  the  (  )  (  )  (  *  ). 


SIMPLE  EQUATIONS 
.(Part  Three) 

126.  Now 


124.  Now  these  problems  are  the  same 
the  earlier  ones  except  for'  the  common 

denominator,  to  the  equation-!  +  4=3,  mul- 

&  4 

tiplying  'by  4,   the  common  denominator, 
4x  4x 

gives  T  *  T  s  ^  ^  and  VbBn  caneeliRf  on 
fee  left  gives  2x  +  x  =  12  and  combining 
fcgrms  gives  3z  =  12.     x  =  (  ). 


lowest  common  denominator 


125.  Multiply  the  equation  ^-  +  ^  =  2  by  the 

lowest  common  denominator  and  write  the 
resulting  equation. 


(Hint:  remember  to"  multiply  every 
term  on  BOTH  SIDES  of  the 
equation.) 


0 


the  final  solution  of  the 

W  +  W  a  24.  W  a  (  ). 


.      2W  4-  W  a  24 

or 

8w  =  24 
ox 

12w  12w  *  ,ft  „A 
-g-  4-        =  2  x  12  =  24 


127.  Solve:  1+1=6. 
.24 


( 


(Hint:  find  the  LOWEST  common 
denominator,  multiply  BOTH  BIDES 
of  the  equation  by  it,  combine 
teraag,  and  divide  by  the  eoetficient, 
of  x.)  * 


128.  S&ve:  |  -  J  =2©.         r  =  (  ). 

(Hint:  remember  to  multiply  EVERY 
TERM  in  the  equation.) 


3* 


12S.  In  the  equation  j  + -  =  §  there  is  no 

comrnoa  denominator  already  in  the  pvob^ 
lemmas  was  the  case  previously.  By  multi- 
plying 1  x  3  a  21,  yoUjhave  a  number 
divisible  by  BOTH  7  and  3  and  thus  a  corn- 
toon  denominator.  Since  there  is  no  smaller 
number  divisible  EVENLY  by  both  1  and  3, 
21  is  the  LOWEST  common  denominator. 

In  the   equation  y  + |=  s  10,   the  LOWEST 


common  denominator  is  { 


erJc 


151 


130.  In  the  equation  -|  +  |  =  15,  the  lowest 


c^ftnmon  denominator  o£^  +-5-1©  ( 


135.  Solve:  |  -  ~  =8. 


lowest  common  denominator 


40 


131.  M  solving  the  equation  ■=•  +  r?-  =  7, 

'  ^         §  2 

^must  first  multiply  every  term  in  the  entoe 
equation  by  theJLowest  common  denominator 
which  is  (       ^  -  )  in  this  equation. 


136,  Equations  involving  only  one  fraction 

as  x  +  j  a  6,  must  simply  be  multiplied  by 

the  denominator  of  the  fraction.  Thus,  in 
the  equatiop  given  you  must  multiply  every 
term  by  (         )  to  eliminate  the  fraction. 


14 


42 


133.  In  the  equation—  +       17 >  multiplying 

by  10,  the  common  denominator,  gives 
10s    10z  ' 

y  +  Y  =  '  '  '  '  m®  ^en  cai*celing  on 
the  left  gives  2s  +  5e  =  ?0  and  combining 
terms  gives  Iz  =  70.     a  =  (  ). 


137,  In.  'solving  the  equa&on  x  +  ~  =  6,  you 

must   multiply   both  sides  by  2  giving 

2x  . 
2x  +  «~  =  (6)  (2)  •  and  canceling  on  the  left 


gives  2x  +  k  b  12.  3x  «  12.  x  =  ( 


10 


133.   —  + 


X  =  ( 


138.  Id  order  to  eliminate  the  fraction  to 

the  equation    ~  x  =  10,  multiply  every  term 

by  4  and  write  the  re  suiting*' equation. 
(  ).  - 


(Hint:  remember  to  multiply  BOTH 
sides  of  the. equation  by  the  com- 
mon denominator.) 


10 


139.  Solve  the  equation  x  +  |  =  10  by  multi 


4 

4.   x  -  ( 


). 


134.  Remember,  in  solving  an  equation  in- 
volving fractions  you  must  multiply  every 
term  on  BO'TH  SIDES  of  the  •  equation  by 
the  (        •  )(  )(  ). 


te  A 


x  +  |  =  12. 


x  =  ( 


?|  or  7.5 


12 


D, 
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141.  Solve:  y  *  x 


10 


s  -  ( 


147.  to  the  equation  ~  +  ~  =  5.  multiply 

both  sides  by  fee  lowest  common  denomina- 
tor and  write  the  resulting  equation. 


142.  Solve*:  x  +  ^  =  5.  x  =  ( 


24 


148.  Now  find  the  final  solution 
equation  3k  +  2x  =  150.        js  =  ( 


143.  In  some  cases  the  lowest  common  de- 
nominator is  n^it^er  one  of  the  denomina- 
tors, nor  is  \t  the  product  of  the  denomina- 

—  Ji 
10  +  15  = 

5,  the  multiply  would  be  150,  yet  both  10 
15  divide  evenly  into  30.  Thus,  30  is 
th@(  )(  )(  ). 


tors.  For  example,  in  the  equation 


^3    30x    /0rtX  ,„v 

iT  +  w  =  {30)<f> 

3x  +  2x  =  150 


xx 

«  +  7:  =  10. 

6  9 


30 


144.  In  the  equation  -jj  +  |  =  5,  the  lowest 

6and9 


common  denominator  pf  ~  and  lr  is  ( '  ) 


lowest  common  denominator 


145.  In  the  equation  7+^=10,  the  lowest 

4  o 

common  denominator  of  ?  and  ?  igj  (         . ) 

4  6 


The  following  problems  are  practice  prob- 
lems involving  all  of  the  methods  of  solution 
you  have  learned.  Now  go  on  to  the  next 
item. 

150.  Solve:  j  -  |-  3  =  x  +  6 

xM  ). 

(Hint:  remember  to  multiply  EVERY 
TERM  by  4.) 


36 


151.  }+3=|  + 


X  =  ( 


the  equation  x  +  ~ 

4.  6 


9,  the  lowest 


common  denominator  is  12.  Multiplying 
'  every  term  by  12  gives  ^  +  Xi?  s  (io)  (12) 

and  then  canceling  on  the  left  gives  3r  +  2r  = 
120.       v  =  (  ). 


12 


(Hint:  this  looks  different  but  really 
Qr  is  not.   Juat  TRANSPOSE  FIRST 
and  solve  as  before.) 


z  ^12  =  4x  +  24 
s  -  4k  =  36 
x  =  12 


13 


v. 

1§2.  Solve:  =  -  *  »  6..  *      a  =  (        '     ).       m-  Solve:  ®P  -  §  =  P  +  S3,       p  =  (  >. 


153.  Solve:  2r  -  4  =  14  -  r.       r  =  (  ). 


^                             .  157.  Solve:  r2  -  -  .  3  -  z.        z  =  (  ,. 

154.  Solve:  p  =  vt.            v  =  (  ). 

*     6  is|  or  13.6 

* 

155.  Solve:  |  +  ?j?  =  -h  -  4.     h  =  (  ). 

(Hint:   multiply  EVERY  term  by  END  OF  SET 

lowest  common  denominator.) 

P  3 

.     v=f  3|or3.6 


5 


£54' 


14 


J- 


ERIC 


4  "* 


Further  Instructions 


b.  2k  =  4. 


U  you  missed  less  Chan  8  of  the  items, 
you  have  done  a  good  job.  Now  read 
summary,  and  you  are  ready  to  go  on 
Mathematics  VI. 


=.|-4. 


2    4  *' 


If  yo*>i  missed  S  or  more  o£  the  items, 
read  the  following  summary  and  then  WOEK 
THROUGH  the  program  again. 


8.  To  solve  equations  o£  the  type  x  +  1  =  4 
or  x  -  1  =  4,  •  you  must  transpose  terms-.  To 
•transpose  terms,  you  move  them  from  one 
of  the  equation  to  the  other  and 


Summary 

A  simple  equation  is  an  algebraic  ex- 
:  fusion  with  a  single  unknown  quantity. 

2.  The  tetter  iiy  a  simple  equation  stands 
lor  the  ujUuiowquantiiyr 

4.  A  number  which,  when  substituted  for 
the  unknown,  makes  both  sides  of  an  equation 
equal  is  said  to  satisfy  the  equation. 

J 

4.  A  number  which  satisfies  an  equation 
when  substituted  for  the.  unknown  is  said  to 
be  a  value  of  the  unknown. 

5 .  To  solve  an  equation  mfeans  to  find  the 
value  of  the  unknown  which  satisfies  the 
equation. 

6.  All  the  signs  in  an  equation  can  be 
changed  without  changing  the  value  of  the 
equation. 

7.  There  are  4  basic  types  of  equations. 


a.  x  <■  1 


or  %  «  1  = 


CHANGE  THEIR  SIGN. 

9.  To  solve  equations  of  the  type  2x  =  4, 
you  must  divide  both  sides  of  the  equation 
by  the  COEFFICIENT  of  the  unknown,  A 
coefficient  is  a  number  written  with  a  letter. 


10.  To  solve  equations  of  the  type  ■§  a  4,  you 

must  multiply  both  sides  of  the  equation  by 
the  same  quantity. 


11.  To  solve  equations  of  the  type  ^  +  \  =  4, 

you  must  multiply  both  sides  of  thp  equation 
by  the  lowest  common  denominator  o£  the 
fractions. 


12.  In  most  equations  it  is  necessary  to  use 
a  combination  of  some  or  all  of  these  tech- 
niques. 

13.  It  is  usually  necessary  to  collect  terms 
in  solving  an,  equation. 

14.  All  of  the  techniques  for  solving 
equations  can  be  used  for  equations  which 
involve  letters  rather  than  numbers.  ^ 


5 


855 
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Mathematics  VI 
PROPORTIONS 
(Part  One) 


An  expression  in  the 

called  a  PBOFOBTIO^ 
is  to  b  as  c  is  to  ( 

a  c 

=    is  caHedl  a  ( 


a     c  , 

b  =  iis 

is  read  "a 
)." 


A 


). 


%\  4 

-la  the  proportion  ^  *  ^  the  value  of  a 
is  unknown.  -The  proportion  can  be 
solved  for  a  by  multiplying  ul  and 
6  x  4  and  writing  the  equation  8e  = 
(v     T  ). 


s  w 

—  =  —  can  be 

y  .  2 

to  y  as  ( 


stated  verbally  as  is 


)  is  to  ( 


8s  =  24;rE  n  ( 


)  . 


proportion 


In  mathematical  form  "h  is  to  4  aa  r 

is  to  9"  toould  be  h-  =  ? 

4 


w  (is  to)  2 

"2  is  *  to  r  as  4  is  t© 

2  4 

mafccal  form  would  be  ~  =  — 


A 


Write  the  proportion  "f  is  to  3  as  4  is 
to  §*'  in  mathematical  form. 

1  -  i 

r  ~  9  ■ 

Write  the  proportion  "r  is  to  x  afe  w  is 
to  z"  in  mathematical  form* 

I  -±  '  ^ 
3  ~  § 

Write  "s  is  to  '6  as  4  is  to  8"  in  math- 
ematical form. 


12. 


To  solve  a  proportion  you  cross- 
multiply;  that  is,  you  multiply  the  left 
numerator  by  the  right  denominator 
and  the  right  numerator  by  the  left 
(  ). 


To  cross- muldply,  you  multiply  the 
left  numerator  by  the  right  denomina- 
tor and  the  right  numerator  by  the  left 

G  7  4 

denominator.  Thus,  for  "^Kg*  you  would 

multipty,  "as  shown,  giving  4x  = 

(  •  )• 

denominator 

l 

0  t 

Cross-multiply  the  proportion  f^»*^|> 
as  shown  gives  you      =  (  * 


*2  4 

14.     Cro&s-multiply  the  proportion 


you  have  4y  =  ( 


The  first  step  in  solving  a 


proportion  2jl. 


Once  a  proportion  is  cross-multiplied 
and  the  equation  written,  you  can  solve 
this  equation  exactly  like  you  have 
solved  any  simple  equation.  Thus 


4 
r 

multiply  4x9  and  v  x  ( 


tj>  you  would 


2  3 

■j  a  -gr  gives  you  2z  ~  12  and  2  -  (  ). 


2x  o  28  or  x  = 


cross 


22.     Cross- multiplying   ~  3  y  gives  you 


4ac  =  72  and  dividing  by  4,  the  eo- 
,   ^efficient  ©f%  you  have  x  =  (  )# 


•  When  you  cross- multiply  a  portion, 
you  EQUATE  the  products;  that  is,  you 
connect  both  products  by  an  equals 

7  S 

sign.  Thus,  cross-multiplying  —  a  •  -2. 
you  would  have  6z  =  (  .  /  L 


23.    golve  the  proportion  ^  =  ~  by  cross- 

J  z 

multiplying  and  then  dividing  by  the  co- 


efficient of  g. 


12  ^ 
In  the  equation  To   s    «4>  CROSS- 

multiplying  gives  you  l^fx  19  (or- 


24.  *  8  £ 
r  ~  2 


z  ~  6 


25. 


r  = 


2  9 


w  -  ( 


*w  1 

Gross-multiply  ^  =  j  and  write  the 

resulting  equation. 

13z         *  £  • 

^13  z  mean»  13  x  z  or  z  x  13) 


r"  if  fl " ( 


4g 


). 


2  4 

Cross-multiply  =  —  and  write  the 
resulting  equation.  4 


27. 


4  64 

7  S  p 


s  ^  P-( 


.  w  =  16  or  w  = 


17 


857 


Write  "r  is  to  i  as  p  is  to  v"  in  math- 
ematical form. 


112 


h  r 


x  12  i 
2  =  ~6  *"< 


jorj  or 


30.     Write  the  proportion  "to  is  to  2  as  4  is 
to  8"  in  mathematical  form  and  solve 
.  for  h.  o 


31.     Find  the  valu§  of  .z  for  the  proportion 
"7  is  to  z  as  4  is  to  21." 


When  two  similar  letters  are  used  in  a 
w  d 

proportion  —  =      they  are  differen- 

W  Q 

tiated  by  the  use  of  SUBSCRIPTS.  A 
subscript  is  a  number  placed  just 
below  and  to  the  right  of  a  number  or 

*       w      d  ' 
letter.  Thus,  in  —  =  J.  the  Vs  and 
W2  d2 


2's  are  ( 


1  =  R 
T  "  v 


). 


32. 


h  4 


The  same  techniques  for  solving  pro- 
portions are  used  when  letters  are 
used  instead  of  numbers.  Thus,  cross- 
multiplying  —  a  &  gives  ry  =  { 
x  y 


37. 


). 


s  =  36. 7§  or  36-3/4 


33. 


34. 


Cross- multiply^  =  and  write  the  re= 
suiting  equation. 

px  prxp  . 


Write  the  proportion  "h  is  to  2  as  r 
to  4"  in  mathematical  form. 


w1  and  wg  is  just  the  same  as  marking 

two  hammers  with. a  "1"  and  a  w2" 
so  that  you  can  tell  them  apart.  In  the 
b  x 

proportion,   1       1  the  l's  an<|  2'sare 


subscripts 

I-       When  solving  a  proportion  with  sub- 
scripts,  youNsimply  cross- multiply  as 

Xl  yl 

before.  Tl\us,  in  —  =  — ,  your  anpwer 
X2  y2 

would  be  KJy2  =  x  y  Gross-multiply 


39. 


2g'=  ix  or  z  =  4x 


-g-  =  —  and  wrif§  the  resulting  equa- 
tion. $ 
subscripts 

Cross- multiply 


w 


1 


*1 


and  write  theH 


resulting  equation. 


18 


V2  =  blai 


s 


1     *  1 

40.     Cross-multiplying  —  =  —  gives  r  p 

*2     P2  1  & 

=  r2Pj  and  dividing  by  pg  gives  = 


Wld2  =  Vl 


41.    — =  —     n,  = 
m2     "l  1 


r2Pl 


Thus,  wtoen  cross-mumpiying,  just 
IGNORE  the  subscripts  and  exponents. 

Thus, 


3  ,3       2  1/3 
Wj  dg  =       d^  Cross-multiply 


2  1/3 


x2  *i 


2/3 


p2. 


42.  i.± 
z  y 


46. 


b4f 

Cross- multiply:  ^273* 


3/5 


V2  =  mim2 


n.  = 


mlm2 


43.     a     c  . 


V 


y, 


2/3       3  1/3 
=  X2y2 


47.     To,  solve 


2 
Xl 

~T7*3 

X2 


'1  ,  1/3 

-g  for  xg    ,  you 


2z 


2  4        1/3  3 
cross-multiply  to  get  x  y    .=•  xJ  y1 

1  ii         £  1. 


44. 


1  1 


j  w  =  ( 
d2  2 


Thus,  by  division,  x 


v    2  4 
1/3  V2_ 
2    "  c 


ad 
b 


3  .1/3 
wl  d4 

45.     A  problem  like       =  —  include  both 

W2  d2 

SUBSCRIPTS  and  EXPONENTS.  Even 
though  this  may  LOOK  difficult,  it  is 
solved  in  the  same  way  ais  before. 


bl      a  1       *  2 

Solve  -j  =  -j—  for  b^  =  ( 

b„  a„ 


.4/5  2  ^2/3  3/5 
b  '  n    =  b  '  n 

12       2  1- 


0/ 


19 


859 


\ 


Cross-multiply: 

i 


2 
Sl 

X2 


2    3  2 
Xlyla2  4 
"3/2    1/2T  al  0r 


2  4.3  4/2 
51  a2  =  b2  al  , 


2    b2  al 


a  2  3  2 
a*  ^1  yla2 


Solve  the  proportion  "e  is  to  x  as  a  is 
to  b"  for  b. 


2 1  10 
49.    Solve:         --j-  for  n  0 
S2  n2 


2  4  1/3  3 

Sly2    "   *2  *l 


2C  2_ 

y  =  3 

3x  =  2y 
2y 


SO.  Solve: 


■2  3        3/2  1/2 

Vi  -V  y2  ,  4 

~4~  =   1    ~  for  a  i 

a,  a_  1 


(Hint:  Just  cross- multiply  and  solve 
as  before.) 


53.     x     a  . 

7;r 


_z  a 
x  =  b 

bz  s  ax 


). 


/ 

<-10  4/3  2  § 
Dl    x2  =xln2 

2  § 
10     Xl  n2 


"473 


ax 

z 


54.  a-*  c  =  ( 

z  e 


a 


). 


51.     Write  the  proportion  "x  is  to  y  as  2  is 
to  3"  and  solve  for  x. 


2  3  2  3/2  1/2  4 
1  ^1  a2  =     2     2  al 


20 


er|c 


:^>n  x  is  to 


§5.    The  proportion  x  is  to  y  as  a  is  to  1 
would  he  written  i  ^  y.  However,  when 

a  1  is  UI^DERNEATH  a  letter  or 
number,  it  is  always  DROPPED.  Thus, 

the  proportion  would  be  written  -  =  a. 

y 


660 


a  1  under  a  so  you  get  lx  =  ay  or  x  = 
ay. 


Solve:  —  -  n.    b  =  ( 
c  v 


cxy  =  sab 
C  "  xy 


). 


(Note:  Remember  that  it  niakeS  no 
difference  ^what  order  you  put  the 
letters  in  Wnce  zab  means  z  x  a  x  b. 
Just  like  z  x  4  x  6  could  be  written 


x  6,  etc, 
zba  abz 


zab 

xy 


could  be  written 


yx  yx 


etc.) 


5S.     x  =~ 
n- 


n  -  (  ). 

(Remember  that  x  =  -  is  the  same  as 
n 

1  "  n' 
y  =  rm 


m 


or 


L  =r 
m 


56.  1 
w 


cn  or  nc 


60. 


r  =  ( 


57. 


In  the  proportion  —  =  r,  .we  have  found 
w 

by  cross-multiplication  that  z  =  rw.  If 
we  were  asked  to  find  w,  we  would 


divide  z  by  r.  Thus,  w  =  —  and  in  the 
same  way  r  -|.i«b;  c  «(  ). 


rw 


y 

r  =  ( 


58.    i  »  m 
r 


x  =  cb 
x 

c=f 

or 

x 

b  =  c 


81. 


xn  =  p 


X 


n-i 

z 


br  =  ca 

tffe.  ca 
b 


END  OF  SET 
zn  =  q 


2  =1 


r 
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.  Mathematics  VI 
PROPORTIONS 


(Part  Two) 


62. 


63. 


r  _ 

X  =  ( 


a  6 


K1b  ='g'and  y°n  are  given  b  =  6,  you 

can  substitute  6  for  b  in  the  proportion, 
giving  you|-±:.|.  Solving  the  same  as 


before,  a  =  ( 


r  =  xy 


). 


67.     In  |-=  |-you  are  given  c  =  2  and  a  =  18. 

Substitute  2  for  c  and  18  for  a  and 
write  the  resulting  equation. 


w2  =  24 


68. 


18  b 

4  =  2' 


=  ( 


x  =  - 


or 


=  x 


18  ,  b 
4  =  2 

or 

4b  =  36 


64. 


r  1 

If  -  =  -  and  you  are  given  r  =  3,  sub- 

stitute  3  for  r  in  the  proportion*  Write 
the  i  esulting  equation  and  solve  for  z. 


a  2 


69.  fa 


£  s     given  a  =  12  and  b  =  60,  find  c. 


6§. 


jn   X  2  « 

ix  -  =  j  and  you  are  given  y  =  6,  what 
is  th^  value  of  x? 


2.  1 

z  =  9 

z  =  27 
Wl     1  ^ 

J"sji  given  Wj  =  8,  find  the  value  of 
2  , 


r 


70/ 


71. 


Wl  dl 

—  =  g-J  given      =  410,  dj  =  40,  and 

2  2 
dg  *  60,  find  w2. 

c  =  10 


Proportions  can  be  both  direct  -and 
inverse  (indirect).  If  two  quantities  are 
DIRECTLY  PROPORTIONAL,  it  means 
that  as  one  increases,  the  other  in- 
creases, and  as  one  decreases,  the 
other  (  )# 


/ 

22 


w2  =^15 
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72. 


73. 


74. 


75. 


76. 


77. 


If  x  and  y  are  directly  proportional,  x 
will  INCREASE  as  y  (  )_ 

decreases 


If  a  increases  as  b  increases,  and  de- 
creases as  b  decreases,  a  is  said  tobe 

;  .  )  proportional 

to  b. 


increases 


If  x  and  y  increase  and  decrease  to- 
gether they  are  said  to  be  ( 


r 


directly 


two  quantities  are  INVERSELY 
PROPORTIONAL,  it  means  that  as  one 
increases,  the  other  decreases,,and  as 
one  decreases,  the  other  (  *  v 


directly  proportional 


If  r  INCREASES  as  p  DECkEASES  r 
is  (  ) 
proportional  to  p. 

increases 

If  one  quantity  increases  as  aodther 
decreases,  and  vice  versa,  the  quan- 
tities are  said  to  be  (  )• 

inversely 


79. 


81. 


82. 


Quantities  are  said  to  be  INVERSELY 
proportional  when  one  increases  as  the 
other  (a)  (  ^ 

and  decreases  as  the  other  (b)  ( 


(a)  increases 

(b)  decreases 


80.  Yo,u 


83. 


might 

^  )  (  /  uuuj  quantities 

move  in  the  SAME  direction,  up  or 
down.  BOTH  increase  or  BOTH  de- 
crease. 


remember  ^at  for  a 
)  both  quantities 


(a)  decreases 

(b)  increases 

When  are  quantities  said  to  be  directly 
proportional? 

direct  proportion 


The  more  meat  you  buy,  the  larger 
the  total  cost;  therefore,  we  could  say 
that  the  cost  of  meat  is  (  ) 
proportional  to  the  weight. 

When  they  increase  and  decrease  to- 
gether (or  any  equivalent  answer). 


The  volume  of  a  gas  decreases  as  its 
temperature  decreases,  therefore  we 
would  say  that  volume  is  (  ) 

v  )to 

temperature. 


directly. 


78.  Now  let  us  review  a  little.  Quantities 
are  said  to  be  DIRECTLY  proportional 
if  one  (a)  (  ^ 

as  the  other  increases  and  (b)  ( 

)  as  the  other  decreases. 

inversely  proportional 


84. 


To  state  a  DIRECT  proportion  math- 
ematically, you  must  include  a  CON- 
STANT in  the  expression.  Thus,  to 
state  mathematically  fftat  a  is  directly 
proportional  to  b,  you  have  a  =  Kb  and 
K.is  a  (  ). 

directly  proportional 


23 


863 


1§.  ThQ 

emrtieal 
problem 
a( 


(&)  really  has 
as  far  as  , 
cosiceraed.  It  just  indicates 


x  s  Ky  means  that  x  is  directly  pro- 
portional to  y.-and  K  is  a  ( 


( 

a  is 
®  = 


aeans  a  is  (  ) 
)  to  the  square  root  of  b. 

proportional  ta  b 


\7  w  means  n  is  directly  pro- 
to  the  (  ) 
)  of  w. 


=  Ky  meaa 


-s  that  z  is  ( 
)  toy. 


%  =  Kr^ 
( 

©£r.  . 


leans  z  is  (a)  ( 
)  to  the  (b)  ( 


constant 


Write  "r  is  directly  proportional  top" 
in  mathematical  form. 


k:  Remember  the  constant.) 


■93.  ^  Write  in  mathematical  form  that  "x  is 
directly  proportional  to  the  square  root 
^    of  z'\ 

(a)  directly  proportional 

(b)  square 


directly  proportional 


96.     Write  in  mathematical  form  that  "r  is 
directly  proportional  to  the  CUBE  of 


y  =  ,Kx  means  that  y  is  directly  pro- 
porUonal  to  the  square  of  (  ), 


X  a  k' 


r  =Kp 


y  =  Kx  means  that  y  is  directly  pro- 
portional to  the  (  )  0f  x# 


97.  Write  in  mathematical  form  that  "w  is 
directly  proportional  to  the  cube  root 
of  r'\ 


r  =Kz- 


x  98.     In  problem  solution  with  proportions, 

if  the  variables  are  x  and  y,  you  will  be 
given  a  value  of  x  for  one  value  of  y 

What  does  a  =  Kb  mean?  ^  aSked  t0  £ind  toe  value  of  *  *» 

another  value  of  (  ^ 


cube 


w  =  K  3/r" 


864 


In  such  problems  with  proportions  it 
is  best  to  let  one  value  of  x  equal  Xj 

and  the  other  value  of  x  equal  xg  and 

let  one  value  of  y  equal  yj  and  the 

other  value  of  y  equal  (  ). 


If  you  are  given  at  °  Kr    and  = 
g  \         l  & 

Kr^p  when  you  divide  one  proportion' 

.2 

?  Fl 

by  the  other  you=have  =■  =  *= 

\        *2  > 


100.   If  x  and  y  are  variables,  let 
old  values  be  x^  and  y^  and 

new  values  be  X2  and  ( 


y2 


two 
two 

). 


If  8  is  directly  proportional  to  the 
SQUARE  of  r,  the  original  proportion 
will  be  s  =  K  (  ). 


101.   If  you  are  given  x  *  2  when  y  =  4  and 
t  are  asked  to  find  the  value  of  x  when 
y  =  6,  let  xj  =  2  and  yj  =  4  and  let  xg 

=  the  unknown  and  yg  =  (  ). 


y2 


If  z  =±  Kr  and  z  =,6  when  r  =  1,  to  find 
z  when  r  =  2,  you  will  let  z  =  .6,  z9  ^ 

,the  u^iknown,  r  =  1,  and  r  '  -  (  ), 


102.  If  x  is  directly  proportional  to  y,  the 
original  proportion  is  x  =  Ky.  Now  to 
set  up  two  proportions  with  Xj,  x2, 

yj  and  y2,  you  will  have  xj  =*  Kyi  and 

(  )  =  Ky2. 


If  z  =  Kr  and  ^  =  6,      =  1,  rg=  2;  ^) 

z  r 

find  z^,  set  up  the  proportion  «~ 

^  ,  7  2 


6 


If  you  are  given  x1  =  Kyj  and  x^ 


Ky 


you  can  eliminate  K  by  dividing  one  pro 

x  Ky 

portion  by  the  other.  Thus  —  = 


2, 


and  cancelling  K9  you  have 


*2 


*1  ? 


*T2 


If  a  =  Kr  and     =  6f      =  I,  rg  =  2;  to 

2 

r 

zl  1 

find  z    set  up  the  proportion  —  =  ~, 

2 

and  substituting  the  proper  values, 

6  ? 
gives  you—  =  — . 

22  ? 


25 


865 


109  If- 


find  sr 


i2  i 


U4.  ,  If  jt  is  directly  proportion  to  z  aiyi 
x  =  4  when  z  =  8.  what  is  the  value  of 
k  when  2  =  4? 

2 


x 


1 


2 


Hint:  —  * - 
X2  z 


701 


iiO.  li  x  is  directly  proportional  to  y  and 
x  *  2  when  y  =  6,  find  the  value  of  x 
when  y  =  1 . 


Ml 


Hint:   — =  — ;  jr 
*2    h  1 


-  unknown 


24 


if  the  price  of  meat  is  directly  pro- 
portional to  the  weight  and  5  pounds 
cost  4  dollars,  to  find  how  much  14 
pounds  cost  you  can  set  up  the  pro- 
5  (pounds)  4  (dollars) 
'14  (pQunds)  "  x  (dollars) 
x  \  dollars)  =  (  ). 


portion  as- 


2  1 


115.  If  a  is  directly  proportional  to  the 
•  6ube  ROOT  of  b.  and  a  =  6  when  b  =  8. 
find  the  value  of  a  when  b  =  125. 


116.  The  volume  of  a  gas  is  directly  pro- 
portional to  the  square  root  of  its 
temperature.  The  vojume  of  a  certain 
gas  is  3  cubic  feet  at  a  temperature  faf 
81°.  What  is  its  volume  when  the 
temperature  is  lowered  to  36°? 


Hint: 


15 


\ 


112.  If  %  is  directly  proportional  to  y  and  k 
=  2  when  y  ^  12,  to  find  the  value  of  x 
wher  y  =  8  you  can  set  up  the  pro- 

*>    portion -2  a  ip;  x  =  (  ). 


11.2  dollars  * 

113.  If  r  is  directly  proportional  to  q 
SQUARED  and  if  r  =  9  when  q  =  8,  to 
find  the  value  of  r  when  q  =  6.  you 
can  set  up  the  proportion 


117.  The  SPEED  at  which  a  bomb  hits  the 
ground  is  DIRECTLY  PROPORTIONAL 
to  the  height  from  which  it  was 
dropped.  A  certain  bomb  is  dropped 
from  1,000  feet  and  hits  the  ground  at 
a  speed  of  800  miles  per  hour.  At  what 
altitude  must  it  be  dropped  if  it  is  to 
hit  the  ground  at';. 400  mph? 


2  cu  ft 


*1  9 
-g- which  becomes 


l2 


1 
62 


v/hen  the  proper  values  are  inserted. 

4  .  1 
Jorl3 


118.  The  DISTANCE  to  which  damage  oc- 
curs to  some -types  of  structures  is 
DIRECTLY  PROPORTIONAL  to  the 
CUBE  ROOT  of  the  YIELD  of  the 
weapon  involved.  If  a  certain  structure 
is  dltoaged  out  '\o  a  distance  of  600 


26 
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yarus  oy  a  weapon  warn  a  a-jtwa  yiei®, 
how  far  out  would  the  same  type  ©f 
structure  be  damped  by  a  12S-KT 
weapon?  .  t 


A  =  altitude 


1, 


,750'feet 


initial  speed  of  a  rocket  is  d£° 
reptly  proportional  to  the  SQUARE  of 
the  explosive  force  of  the  fuel.  If  aB 
explosive  force  of  10*  KT  prcduqes  an 
initial  speed  of  3,000  mph,  what  ex- 
plosive force  will  be  necessary  to 
produce  an  initial  speed  of  27,000  mph? 


vr 


D 


D 


D  =  3,000  yards 


me  explosive  iorce  of  the  fuel.  If  the 
initial  speed  is  3,000  mph  when  the 
explosive  force  is  10  KT,  what  will 
.-the  initial  speed  be  for  an  explosive 
force  of  3  KT?  ,  ' 


F  =  explosive  force 


3,000  1 
27,000  F 


F   =  27,000  x  100 

F^  *  900 
F 


6^121.  'The  distance  to  which  damage  occurs 
to  some  types  of,  structures  is  directly 
proportional  to  the  cube  root  of  the 
weajSpn  yield  involved.  If  a  certain  type 
of  structure  is  damaged  ,out  to  a  dis« 
tance  of  2,000  yards  by  a  64-KT 
weapon,  how  far  out  will  ^P*  same 
type  of  structure  be  damaged  by  a 
1-KT  weapon? 


270  mph 


The  initial  speed  of  a  rocket  is  di- 
rectly proportional  to  the  square  of 


END  OF  SET 


§00  yards 
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Further  Instructions 

If  yop  missed  less  than  7  of  tha  items,  you 
have  done  a  good  job.  Now  read  the  sum- 
mary. 

If  ypu  missed  7  or  more  of  the  items,  read 
the  following  summary  and  then  WORK 
THROUGH  the  program  again. 


An  expression  in  the  form  %  =  %  is 

b  d 

called  a  proportion  and  is  read  "a  is 
to  b  as  c  is  to  d". 


A  proportion  stated  verbally  as  "2'i* 
to  &  as  r  is  to  x"  would  be  ]#ritten  in 
mathematical  form  as 


2 
9 


r 

x 


the  other  increases  and  decreases  as 
Ae  other  decreases. 

If  two  quantities  are  INVERSELY  PRO- 
PORTIONAL, then  one  increases  as  the 
other  decreases  and  decreases  as  the 
other  increases. 

To  state  a  direct  proportion  math- 
ematically, you  must  inciude  a  CON- 
STANT in  the  expression.  For  ex- 
ample,  to  state  mathematically  that 

2 

"x  is  directly  proportional  to  y  you 


write  x  =  Ky 


If  you  have  two  proportions  involving 
different  values  of  the  same  unknown, 
you^  can  divide  one  proportion  by  the 
other  and  thus  eliminate  the  constant. 
For  example,  if  x1  =  Kz  and  x9  =  Kz0. 

•  \  V 

then —  and  cancelling  K,  you  have  —  = 

x~  x«, 


2. 


To  solve  a  proportion  for  the  unknown 
you  must  cross-multiply  and  equate 
tfte  products.  For  example,  in  the  pro- 


portion — 
o 


4 


-g,  cross-multiplying 
gives  8  z  =  24  and  z  =  3. 


If  two  quantities  are  DIRECTLY  PRO- 
PORTIONAL, then  one  increases  as 


To  solve  a  stated  problem  involving 
a  proportion,  you  must  set  up  4  pro- 


portional  relationship  such  as 


1 


1 


-g-,  substitute  the  proper  values  for 

the  letters,  and  solve  for  the  un- 
known qugmtity.      \^  ^ 


SO 
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PREFACE" 

There  is  no  substitute  for  experience;  it  is  a  trite  saying,  a  true 

saying  and  a  depressing  thought  to  one  just  starting  gut.    This  mamial  will 

help  you  in  a  number  of  ways  since  it  contains  the  experience  of  others • 

* 

Let  their  experience  hasten  yours. 

We  assumed  only  two  characteristics  about  you  as  w^began  this  manual: 
we  assume  that  part  of  your  present  occupation  is  to  learn  how  to  draw 
^    arterial  blood  and  we  assume  that  you  have  had  no  practice.    Our  main  cri- 
teria  for  including  certain  topics  was: 

* 

On  our  first  attempt  at  drawing-  arterial  blood,  what 
would  >we  have  liked  to  have  known,  and  what  points  of 
40 ,  interest  would  best  orie&t  us  (fill  out  the  picture) 

in  accomplishing  the  job.  / 

In  light  of  these  criteria,  allow  two  points  to  be  made.    First,  theo- 
retical analysis  of  results  are  omitted;  they  are  the  provincey^f  the  phy- 
sician.   Second,  we  won't  expect  you  to  approach  the  patient's  bedside  with 
manual  and  syringe  in  hand  on  your  first  attempts    Do  the  reading  of  these 

T 

pages  beforehand,  but  be  guided  at  the  bedside  by  one  who  has  the  experience 
you  lack.     (Puncturing  the  skin  for  the  first  time  can  be  as  traumatic  for 
>   you  as  for  the  patient.) 

If  you  c^n  find  a  willing  colleague  (They  are  in  shor$ supply  when 
asked  to  view  ycu  behind  the  barrel  of  a  syringe.)*  ask  him  to  be  your  first 
subject,  but  again  only  with  that  experienced  person  beside  you.^ 

Here,,  then,  is  the  technical  story.    Our  hope  is  that  you  will  read 
further  in  many  of  the  outstanding  books  a^ilable  for  'the  theory  that  has 
not  been  included. 
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GENERAL  CONSIDERATIONS 


a 


The  analysis  o'f  arterial  blood  for  the  parameters  of  P02,  PCO?,  and  pH 
provides  basic  *  information  atjout  cardiopulmonary  function.    An  indication  of 
£00  well  this  dual  system  is  functioning  is  contained  in  these  three  measure- 
ments. •  b"  , 

PO2  and  PCO2  are  gas  tensions,  sometimes  called  ''partial  pressures11.  This 
derives  from  Dalton's  Law  which  states  that  the  pressure  exerted  by  each  com- 
ponent in  a  gaseous  mixture  is* independent  of  two  other  gases,  and  the  total 
pressure  of  the  mixture  is  the  sum  of  the  separate  partial  pressures.  .The  total 
pressure  of, the  air  we  breathe  is  atmospheric  or  barometric  pressure.    The  par- 
tial pressure  of  atmospheric  oxygen,  for  example,  is  approximately  21%  of  the 
total  barometric  pressure.    Arterial  blood  gas  tensions  are  expressions  of  the 
amount  of  oxygen  or  carbon  dioxide  in  the  blood.    Th^se  gases  may^be  carried 
in  blood  in  physical  solution  and  in  chemical  combination.      In  either  case, 
the  amount  of  gas. depends  on  the  gas  pressure  to  which  the  blood  has  been 
exposed  and  reflects  what  is  being  transported  to  the  tissues.    Thus  FO2  is 
the  pressure  everted  by  oxygen  carried  in  chemical  combination  with  hemoglo- 
bin and  dissolved  in  plasma.    PCO2  is  the  pressure  exerted  by  carbon  dioxide 
in  blood.    pH  is  a  measure  of  hydrogen  ion  concentration,  the  limits  for  which 
are  quite  narrow  in  man.  1  /.■*/. 

Since  PO2  and  PCO2  (note  the  "P")  are  measures  of  gas  pressures,  the  units 
are  in  millimeters  of  jnercury  (mm  Hg).    Typical  adult  values  C^rtr  37°  C)  in  our 
laboratory  (altitude  2300  ft.)  are  given  below. 

Arterial  Venous 


pH  -  ,       7.35^^45      -      ;     7.32  -  7*42 

PC02  .  -35  -  45  nro  ^g^       •  *  41  -  51  mm  Hg 

P02  4    80  -  90  mm  Hg  *  25  '-  40  mm  Hg 

v  These  parameters  may  vary  with  altitude.    They  are  of  vital  importance 

in  certain  acutely  ill  patients.    Many  failing  body  systems  (lung,  heart, 
kidneys,  among  others)  can  make  their  degree  of  impairment  known  through 
these  measurements.    Only  a  complete  clinical  picture,  of  which,  arterial 
blood  gases  are  £  part,  can  help  the  physician  in  diagnosis  and  therapy. 
In  patients  receiving  oxygen  therapy  or  on  mechanical  ventilators,  measure- 
ment of  arterial  blood  gases  are^essential.  * 

As  indicated  earlier,  we  will  not  dwell  at  length  over  interpretation 
of  results.     Nevertheless,  a  chart  is  included  in  this  manual  that  is  readily 
understandable  (see  Fig.  1,  next  page).     For  example,  a  pH  of  7.50  accompanied 
by  a  PCO2  of  45  mm  Hg  reveals  a  patient  in  Metabolic  Alkalosis.     Locate  this 
$       point  on  the  chart: ■   pH  -  7.25  and  PCO^  =  45.     It  falls  outside  the  two  shaded 
areas:    Metabolic  Acidosis  and  Acute  Hypercapnia. .  The  patient's  picture  is 
unclear.    The  physician  may  wait  a  period  of  time  and  examine  the  blood  again 
-  or  he  may  alter  treatment  and  ask  for' another  blood  analysis.     In  any  event 

aerial  testing  is  indicated  to  determine  the  resolution  of  the  patient's  pro- 
blem. 

*         '  A  physician  may  require  arterial  blood  gas  studies  done  on  a  patient  who 
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complains  of  respiratory  distress*  or  to  follow  the  progress  of patien' 
who  is  undergoing  oxygen  therapy.    Many  times  blood  analysis  will  be  done  *\ 
on  post -operative  patients  (or  blood  will  be  taken  during  surgery).  Various 
cardiac  insufficiencies  may  also  indicate  a  need  for  arterial' blood  ga$5 
analysis.  "  ,  ^  ^ 

»»  *>  -  »  0  «» 

Before  progressing  further,  let's  try  two  questions.     First,  the  easy  *  . 
one.    Why  isn't  venous  blood  taken  since  it  is  easier  to  obtain?  (Before 
reading  farther 9  think  of  a  good  answer.)  v>  \ 

The  pH  of  venous  h.fbod  is  enough  to  arterial  blood  value  so  that 

often  pli  is.  found  on  venous  blood. 

PCO2  of  venous  blood  is  indicative  of  tissue  metabolism  and  not  much 
else.    A  PCO2  for  venous  blood  won't  give  any  information  about  the  efficacy 
of  lung  function  (the  main  reason  for  such  an  investigation)  since  the  venous  * 
blood  hasn't  arrived  at  the  lungs  yet.  0  * 

-  PO2  of  venous  blood  is  equally  worthless.    A  Iqw  value  won't  tell  you 
about  originial  amount?  in  the  blood  as  the  blood  arterialized  in  passage 
through  the  lungs.  * 

In  short,  values  fof  venous  blood  depend  ion  the  metabolism  and  rate  of 
blood  flow*  through  the  tissues  as  well  as  the^02  and  CO2  originally  in  arterial 
blood.    Only  values  derived  from  arterial  blood  adequately  reflect  pulmonary  A 
function. 


0 


Now  the  harder  question.    Below  ate  some  values  from  our  laboratory. 
Study  them  and  venture  a  prognosis  fpr  the  patient  (getting  better  or  worse) 
and  support  your  answer.     She  was  on  ventilator. 

Date  Time         ^        PO^  PCO;  £H  Status 

4/14   *  0530  58.8  44.9  7.330    N        60%  02 


4/14  1015  81.4  22.6  7-4°*.  6O%*02 

4/14  132C  182*0  28.7  7.444  60%  02 

Within  seven  hours  time  the  patient  tripled  her  PO2,  while  the  inhaled 
oxygen  concentration  remained  constant.    This  shows  an  excellent  resolution 
of  her  problem  (knd  now  the  O2  is  too  great  for  her  physiological  needs) • 
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THE  Mi  LOOP -GAS  TRAY,  g 

The  basic  blood-gas  Cray  containing  arterial  puncturd  materials  should 
Include  the  following  items: 

a)  10  cc  glass  syringes 

b)  hypodermic  needles 

c)  glycerin  or  a  viscous  mineral  oil 

d)  sodium  heparin  (1,000  USP  units/cc) 
<S)  alcohol  preps 

f )  ,4x4  gauze  pads  ~  . 

g)  labels  and  syringd  caps    1  0  ' 
7    h)  a  container  for  storage  of  the  sample  ' 

i)  cotton  tipped  swa&s 

j)  a  local  anesthetic  (Xylocaine  -  1%)   ,  . 

k)  2.5  cc  plastic  syringes 

Q>  •  m3m  " 
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P EE PARAT ION  OF  A  SYRINGE 


Using  a  cotton-tipped  swab,  place  a  light  ring  of  glycerin  around  the 
plunger,  then  move  the  plunger  up  and  down  inside  the  barrel.    This  makes  a 
.previously  loose  plunger  much  tighter  and  thus  benefits  for  two  reasons: 
'first,  a  loose  plunger  may  slip  out  while  manipulating  the  syringe  during 
testing;  and  second,  it  prevents  air  from  moving  into  the  sample  between 
the  plunger  and  the  barrel.    A  needle  of  a  desired  gauge,  length,  and  bevel 
is  then  placed  on  the  syringe.    An  alcohol  swab  is  used  to  cleanse  the  rub-' 
ber  top  of  a  heparin  multiple-dosi  contaXjaer.    While  holding  the  syringe 
vertically  under  the  heparin  container,  inject  0.5  cc  of  air  into  the  heparin 
container, *  and  then  withdraw  approximately  "the  same  amount  of  heparin  into  * 
the  syringe.    Remove  the  needle  from  the  tot tie*    While  still  holding  the 
syringe  vertically,  rotate  the  plunger  slowly  down  the  barrel  so  as  to  he  par  in  i  s  e 
approximately  4/5  of  the  wall  of  the  syringe.    Finally,  bring  the  plunger  back' 
near  the  tip,  eject  any  air  that  was  admitted,  force  out  a  few  drops  of  heparin 
so  that  the  needle  is  full  and  cap  the  needle. 

Heparin  is  an  anti-coagulant  and  thus  prevent  the  blood  from  coagulating 
once  it  has  entered  the  needle  and  the  syringe. 

If  too  much  glycerin  has  been  applied  or  if  the  heparin  is  rotated,  inside 
the  barrel  too  many  times,  the  plunger  may. loosen  and  the  reasons  for  the 
application  of  the  glycerin  will  be  negated.     It  is  for  this  reason  that  one 
last  check  should  be  done  -  this  is  for  a  "heparin  leak11.    Hold  the  syringe 
vertically  in  a  downward  position,  if  heparin  leaks  out  of  the  needle,  begin 
again  with  a  new  syringe.     If % there  is  no  leak,  the  syringe  is  ready. 

WHICH  NEEDLE  TO  USE? 

Needles  have  three  characteristics,  each  to  be  considered  in  turn:  length, 
gauge  and  bevel. 

a)  LENGTH.     A  long  needle  is  needed  for  brachial  puncture,  one  and  one- 
half  inches  being  sufficient.    A  one  inch  needle  is  good  for  the 
radial  artery.    These  lengths  will  give  you  a  good  half  inch  insurance, 

b)  GAUGE.     The  greater  the  gauge  number  the  smaller  the  diameter  of  the 
needle*     A  26  gauge  needle  will  npt  permit  a  flow  of  blood  into  your 
syringe.     A  16  gauge  needle  would  cause  much  trauma.    A  20  or  21  gauge 
needle  is  adequate  for  both  puncture  sit£s. 

c)  BEVEL.    A  needle  isn't  just  pointed,  it  is  sheared  off  and  sharpened 
at  a  very  specific  angle. 

A  short  bevel  looks  like  this: 


and  a  medium  bevel: 


£ 


and  a  long  beve 1 : 
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BRACHIAL  ARTERY 


MEDIAN  NERVE 


ULNAR  ARTERY 


RADIAL  ARTERY' 


Fig. 2.  PUNCTURE  SITES 
(Palm-up  view).    The  brachial 
artery  is  punctured  above  the 
crease  of  the  elbow;  the 
radial  artery  at  the  wrist 
joint. 
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A  short  bevel  punctures  the  skin  more  painfully  than  the  others.  A 
long  bevel  may  help  you  to  puncture  the  artery  twieev  front  and  back*  We 


recommend: 


brachial:    20  gauge,  lVr,  taediun  tor  long  bevel. 

radial:       21  gauge,  l"f  medium  or  short  bevel.  , 

PUNCTURE  SITES 

A  technician  in  our  lab,  when  drawing  arterial  blood,  is  limited  to  the 
radial  or  the  brachial  artery  of  either  arm.    The  laws  governing  technicians 
ahd  the  drawing  of  arterial  blood  vary  from  state  to  state.    Some  states  allow 
the  technician  to  draw  from  the  femoral  artery  also,  but  on  the  other  hand, 
some  states  do  not  allow  the  technician  to  draw  arterial  blood  at  all. 

If  the  situation  permits,  all  the  possible  puncture  sites  should  be 
checked.    When  deciding  which  site  to  enter,  the  technician  should  keep  these  ' 
considerations  in  mind:    which  site  offers  the  easiest  access,  which  artery 
has  the  strongest  pulse,  which  artery  has  the  least  tendency  to  move ,  and 
which  artery  is  the  most  palpable.  : 

In  hospital  situations,  the  technician  may  not  have  a  choice  of  a  punc- 
ture site  because  of  the  condition  of  the  .patient  (e.g.  casts,  I  V,  limb 
elevation,  amputation,  or  soaks).    In  such  cases,  the  technicians  will  have 
to  make  the  best  of  the  situation  and  consider  only  those  sites  readily 
available. 

~f  * 

The  technician  should  take  certain  facts  about  arteries  into  considera- 
tion when  deciding  which  site  to  puncture.  The  brachial  artery  is  a  larger 
vessel  than  is  the  radial  artery  and  because  of  its  sxize  should  be  easier  to 
puncture  (see  Fig.  2).  However,  the  radial  artery  is  usually  more  suferfi- 
cial  to  the  skin,  and  because  of  this,  it  may  be  easier  to  palpate  and  hence 
puncture.  But  some  individuals  present  anomalies,  so  consequently,  all  pos- 
sibilities should  be  examined. 

You  can  rapidly  find  a  pulse  if  you  note  the  following  observations 
from  figure  2.    With  the  arm  extended  palm-up,  the  brachial  artery  is  opposite 
the  thumb  side,  and  the  radial  is  on  the  same  side  as  the  thumb. 

TECHNIQUE  FOR  PUNCTURE 

There  are  basically  two  techniques  for  the  arterial  puncture.    One  method 
is  to  enter  the  skin  at  a  shallow  angle  (25°  -  45°)  -  almost  as  though  one 
were  trying  to  thread  into  the  artery.     If  this  angle  is  taken,  the  technician 
has  a  greater  area  of  arterial  wall  ahead  of  his  needle.    The  needle  is  then 
advanced  through  tissue,  hopefully  on  an  intersection  course  with  the  artery. 
A  finger  is  always  kept  on  the  artery  distal  to  the  puncture  site  -  even  as 
the  needle  is  moved  farther  into  tissue.     It  is  obvious  that  the  greater  the 
amount  of  tissue  traversed  by  the  needle,  the  greater  is  the  pain  potential 
to  the  patient. 

The  other  method  is  to  enter  the  skin  and  the  artery  at  a  greater  angle 
(60°  -  80°).    This  method  requires  a  precise  reading  of  the  pulse  and  inser- 
tion of  the  needle.    Extra  care  must  be  taken  to  avoid  going  completely  through 
the  artery.    Speed  in  this  maneuver  is  to  be  discouraged.*    However,  because  of 

the  angle,  less  tissue  is  traversed  during  insertion  and  there  is  less  discom- 
fort for  the  patient. 

-5-  '  ^  * 
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The  technician  siay,  however**  wish  to  try  both  methods  to  determine  which* 
afford^  him  the  greater  success.  .  Ultimately,  the  easier  it  is  for  hia,  th^ 
.♦easier  it  will  be  for  the. patient, 

A  word  of  caution  concerning  any  puncture  should  be  mentioned.  Regard- 
less of  the  technique  employed  by  the  technician  and  ^regardless  of  the  pul- 
sation of  the  artery,  no  entry  should  be  at;temped  unless  the  technician  has 
a  reasonable  chance  of  success. 

Because  this  may  be  a  painful  experience  for  some  patients,  extreme  care 
must  be  taken  to  keep  the  patient  at  ease.    If  a  patient  is  very  apprehensive 
about  the  needle  and  syringe,  this  anxiety  will  definitely  affect  the  results, 
especially  the  FC©2  ajid  the  pH.    Therefore,  always  take  maxisiwm  care  to  keep 
the  pain  at  a  miniSum.    Although  this  is  not  always  possible,  if  one*  is  cares 
ful  t©  choose  the  best  puncture  site,  is  careful  in  selecting  the* right  spot 
for  the  puncture,  and  exercises  a  great  amount  ©f  care  in  the  puncture  and 
withdrawal^  the  procedure  will  g©  much  more  smoothly  than  most  Patients  ever 
'  expected.  t 

Nevertheless,  don't  deceive  the  patient  by  telling  him  that  it  won't  be 
painful.    It  is  wise  to  inform  the  patient  that  there  will  be  pain  as  the 
needle  penetrates  the  skin,     (The  amount  of  pain  after  that  depends  upon  the 
expertise  of  the  technician.) 

There  is  no  satisfactory  topical  skin  anesthetic  now  on  the  market. 
Those  that  are  available  work  well  topically  on  the  mucous  membranes,  but 
these  will  not  penetrate  the  skin  to  deaden  nerve  endings. 

If  the  puncture  is  to  he  on  a  child  or  on  a  person  who  J.S  hypersensitive 
to  pain,  it  may  be  desirably  to  have  a  doctor  inject  a  local  anesthetic. 
Hence  the  Xyloeaine  on  the  tray.    This  will  minimize  or  eliminate  the  pain  of 
the  arterial  puncture.    The  technician  should  not  assume  responsibility  for 
the  administration  of  a  local  anesthetic. 

{Another  situation  where  an  anesthetic  may  need  to  be  administered  is  in 
the  case  of  the  multiple  puncture.     If  the  technician  has  attempted  a  punc~ 
.    ture  a  few  times  without  success,  and  the  patient  becomes  anxious,  it  is  wise 
to  either  have  a  doctor  perform  the  puncture  or  to  have  him  inject  a  local 
anesthetic,  again  to  minimize  or  eliminate  the  pain.    The  decision  to  ask  a 
doctor  to  perform  the  puncture  is  a  decision  that  is  left  to  the  discretion 
of  the  technician  and  should  not  be  made  too  hastily*    The  technician  should 
not  give  up  easily  but,  on  the  other  hand,  should  not  persist  to  the  point 
of  frustration  of  both  him  and  the  patient*     (more  below)  c 

First  of  all,  let  us  discuss  briefly  the  "reading  of  the  pulse".  When 
feeling  the  pulse,  the  best  finger  to  use  is  the  forefinger.     It  is  very 
sensitive,  and  it  is  easy  to  maintain  a  continuous  palpation  of  pulse  while 
inserting  the  needle  through  the  skin  and  into  the  subdertipl  tissue.  This 
continuous  palpation  is  important  because  the  technician  wants  to  be  certain 
the  spot  he  has  entered  is  correct.    It  also  can  tell  the  technician  if  the 
artery  has  moved  because  of  downward  pressure  of  the  needle. 

In  order  to  make  the  artery  most  accessible,  a  small,  firm,  pillow  should 
be  placed  under  the  elbow  of  the  patient  in  order  to  hyperextend  this  joint  as 
much  as  possible.    This  makes  the  brachial  artery  more  taut  which  in  turn 
brings  it  more  to  the  surface  and  less  apt  to  roll.    The. pillow  under  the  wrist 
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also  extends  the*  radial  artery  jusc  enougn.  m  some  caaea,  uits  juyiniua/s  na- 
tion of  the  radial  artery  will  cause  its  pulie  to  be  more  difficult  to  pal~ 

pate*  \  > 


Because  of  the  nature  of  arterial  blood,  the  technician  should  not  employ 
a  tourniquet,  but  rather  he  should  ask  the  patient  to  relax  him  muscles  as 
much  as  possible.    This  is  because  arteries,  jpartieularly    the  brachial,  is 
usually  located  under,  among,  or  very  close  to  a  great  deal  of  muscle,  more 
particularly  the  tendon  of  the  lower  attachment  of  the  biceps*    Swab  the  area 
with  70%  alcohol,  let  it  air  dry,  and  puncturt  the  skin* 

(WITHDRAWING  THE  BLOOD 

When  the  artery  has  been  entered,  the  blood  pressure  within  the  artery 
will  almost  immediately  cause  the  blood  to  flow  into  the  syringe  of  its  own 
accord.    Pulling  back  on  the  plunger  is  not  necessary:    this  may  eaus£  ai£  t© 
be -admitted  into  the  sample*    The  blood  sample  must  be  anaerobic!    So,  it  is 
important  to  allow  arterial  blood  to  flow  into  the  syringe  by  itself*  However, 
it  the  patient's  blood  pressure  is  very  low  and  the  blood  enters  the  syringe 
very  slowly,  it  may  be  desirable  to  tightly  draw  back  on  the  plunger  to  help 
the  flew  along*    If  this  is  necessary,  be  sure  to  release  the  plunger  occasional- 
ly to  maintain  certainty  that  the  blood  is  indeed  flowing  in  of  its  own  accord, 
i.e.  is  arterial  blood.    Again,  if  the  slight  drawing  back    is  necessary,  b^ 
sure  that  no  air  is  admitted* 

If  on  your  first  attempt  into  tissue, you  don't  find  the  artery,  never 
move  the  needle  right  or  left  to  locate  it*    An  artery  severed  by  your  needle 
tip  will  require  a  cut-down  and  suturing*    Instead  bring  your  needle  back  to 
just  under  the  skin  surface,  locate  the  pulse  again,  atid  advance  the  needle* 

REMOVING  THE  NEEDLE 

When  your  syringe  is  full  (about  8  cc),  advance  your  forefinger  up  the 
barrel  to  the  junction  of  plunger  and  barrel* 


Exert  pressure  at  this  point.     Place  a  4  x  4  over  the  needle  and  puncture  site. 
As  you  pull  away  the  syringe,  cover  £he  site  with  the  4x4  and  press  firmly. 

AFTER-CARE  OF  THE  PATIENT 

Immediately  upon  the  withdrawal  of  the  needle,  firm  pressure  must  be  applied 

-7- 


•  7%  % 

.to  the  area- 'of  thfe  puncture  for  at  least  five  minutes,  or  longer  in  the  ease 
of  a  patient  who  is  on  anticoagulants  or  has  a  tendency  to 'bleed.    This  will 
prevent  the  occurence  of  a  hematoma,  hematoma  being  a  localised,  subdermal  mass 
of  effused  blood  caused  by  arterial  or  venous  bleeding;  it  has  the  appearance 
of  a  braise  or  blue  welt- or  swelling.    This  situation  must  ajad  can  be  easily  1 


When  applying  pressure, Tuse  a  4  x  4  gauze  pad  and'  take  care  to  press 
firmly  not  only  on  the  spot  of  entry  on  the  skin  but  to  cover  the  surround- 
ing area  as  well.  The  arterial  punedure  may  not  be  directly  under  the  skin 
puncture.  If  this  "Five  Minute  Pressure"  rule  is  always  followed,  the  pro- 
blem of  hematoma  should  tlever  arise.  If  the  patient  still  has  some  slight' 
•cosing,  externally  after  five  minutes,  continue  the  pressure  until  it  stops. 
j  A  dressing  is  not  necessary,  but  the  patient  should  be  told  t©  keep  the  joint 
straight  for  about  half  an  hour.  *  / 

STORAGE  OF  THE  SAMPLE      ■  * 

Also  immediately  upon  the  withdrawal  of  the  needle,  the  syringe  should 
be  capped  and  the  blood  thoroughly  mixed  by  giving  the  syringe  a  vigorous 
shaking.     It  should  then  be  placed  in  iced  water  or  a  cold  container  to  pre- 
vent any  further  cell  metabolism  within  the  blood.    At  body  temperature  the 
leucocytes  will  continue  to  utilize  oxygen  and  release  carbon  dioxide  thus 
affecting  the  P02  and  PCO2.  a 

An  example  of  how  the  temperature  of  storage-  affect  acid-base  values  is^ 
shown  by  the  following  table:  ,  0  t  _!*"  aVv 

f'  xi 

TEMP.  OF  STORAGE  ApH/HR.  ^  AFCO^/HR. 

38°  C.  -  0.062  +  4.8  iran  Hg 

22-2A0  C.  -  0.024  +  2.5  ran  Hg 

0-4°    C.  -  0.006  "l    +  0.6  mm  Hg 

Cold  storage  ensures  the  best  results  through  least  change  in  para- 
meters. 

Now  a  problem  arises  for  technician:    immediately  upon  finishing  the 
puncture ,  he  is  supposed  to  apply  pressure  to  the  area  of  the  puncture,  cap 
the  syringe,  mix  the  blood,  and  put  it  in  a  cold  container.    How  can  all 
these  things  be  done  immediately  by  one  person?    Five  solutions  are  presented: 

1)  The  technician  can  do  it  all  himself.     He  must  have  all  the  neces- 
sary equipment,  such  as  4  x  4  gauze  pads,  a  syringe  cap,  and  the 
cold  container,  readily  available.    While  exerting  pressure  on  the 
puncture  site  with  the  heel  of  the  left  hand,  he  can  manipulate  the 
syringe  well  enough  to  cap  it,  shake  it,  and  store  it.     (Assume  you 
are  right  handed.)     If  the  heel  of  the  left  hand  is  over  the  puncture, 
the  fingers  of  that  hand  can  be  used  to  remove  the  needle  from  the 
syringe  as  it  is  rotated  by  the  right  hand.    The  cap,  if  at  the  finger 
tips  of  the  left  hand,  c£»  be  raised  and  held  as  the  syringe  is  insert- 
ed and  the  whole  made  tight.    The  right  hand  is  then  used  to  insure 
mixing  of  heparin  and  blood  by  shaking  the  syringe,  which  is  then  put 
into  the  cold  container. 

2)  Upon  finishing  the  puncture,  the  technician  can  stick a the  needle  of 

8Si 


ERJC 


A  * 


-8- 


*•  '  - 

the  syringe  into  a  rubber  stopper  being  careful  to  get  the  entire 
^       bevel  of  the  needle  inside  the  rubber.    This  method  will  prevent  air 
from  coming  into  contact  with  the  sample,  but  makes  no  provision  for 
the  shaking  and  storing  of  the  sample* 

3)  Another  method  which  serves  is  to  simply  bend  the  needle  to  such  an  * 
angle  so  as  not  to  permit  ait  to  leak^in.  V.  , 

4)  If  the  patient  is  judged  capable  and  has  toJLerated  the  procedure 
well  he  can  be  of  service  to  the  technician  in  this  situation.  If 

*  the  patient  is  able,  the  technician  may  ask  him  to  put  firm  pressure 

*  on  the  area  until  he  gets  the  syringe  capped,  shaken,  and  stored,  at 
which  time  the  technician  can  resume  applying  pressure.  This  method 
should  not  be  employed  unless  the  technician  remains  with  the  patient. 

5)  The  las*:  method  may  well  be  the  best.    If  there  is  a  nurse  or  9ther 
medical  person  close  by,  she  may  apply  the  pressure  while  the  tech- 
nician caps,  shakes,  and  stores  the  sample  and  returns  it  to  the  lab 
for  analysis. 

When  considering  the  storage  of  blood  samples,  mention  should  be  made 
concerning  the  two  different  types  of  syringes,  glass  and  plastic. 

Through  much  research  it  has  been  shown  that  plastic  syringes  allow  for 
a  considerable  degree  of  gas  exchange.    With  high  initial  oxygen  tension  or 
with  blood  of  low  hemoglobin  concentration  the  exchange  can  result  in  errors 
in  P02  of  up  to  6%  in  two  minutes  and  16%  in  30  to  60  minutes  (and  is  tempera- 
ture dependent).    With  glass  syringes  the  exchange  was  much  slower. 

f         Carbon  dioxide  is  up  to  eight  times  as  permeable  as  oxygen  in  plastic 
and^more  than  thirty  times  as  soluble  in  blood.    From  these  properties  it  can^ 
be  estimated  that  the  storage  of  blood  samples  in  plastic  syringes  will  cause 
errors  in  measured  PCO2  which  are  smaller  than  the  worst  errors  in  ?Q2>  but 
are  not  negligible. 

/  0 

It  should  be  noted  that  glass  syringes  should  be  used  when  possible  since 
even  delays  of  a  minute  or  two  in  the  sampling  of  blood  with  a  high  initial 
tension  could  cause  errors  of  5%  in  PO2  with  the  use  of  plastic  syringes,  even 
if  tested  immediately*/^ 

A  COMPLICATION 

You've  brought  your  needle  and  syringe  into  view.    The  patient  blanches. 
You  poise  it  above  the  skin,    A  few  drops  of  perspiration  are  noticed  on  his 
forehead  and  his  skin  feels  clammy,    Jte  says  he  feels  a  little  dizzy.  You 
penetrate  the  skin  and  he  faints.  ^.Ncw  lets  back  up  and  worry  about  the  uncon- 
scious patient  in  a  later  paragraph. 

Needle  puncture  is  an  invasive  procedure  (a  threat  or  attack. with  a  wea- 
pon, if  you  Like),    In  nearly  every  case  the  patient  can  balance  feelings  of; 
threap  and  their  physiological  manifestations  against  the  simple  fact  that  in 
some  way  the  results  of  the  procedure  will  benefit  hinw     (Hence  the  disap- 
pearance of  your  normal  friends  when  asked  to  sjubmit  to  puncture,) 

It  is  only  a  theory,  but  it  may  be  the  case  that  there  are  patients  whose 
dominant  thought  is  one  of  threat  without  the  softening  influence  of  benefit, 
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Now  to  return  to  our  fainted  friends    At  his  point  treat  him  as  just 
that  and  use  your  medical  knowledge  in  treatirig  litir  or  sumnoning  §  doctor. 
Cratch  for  signs  of  shock).    The  points  to  be  made  here  are  two. 

1)  Puncture  should  not  have  be^n  attempted  after  perspiration  and 
dizziness  were  in  evidence. 

2)  To  proceda  or  not  depends  upon  your  atfility  to  wait  until  the  patient 
returns  to.  normal  and  to  reasure  him  that  all  will  be  well  during  the 
puncture.  You  may  have  an  assistant  hold  the  patient's  hand,  have  "° 
him  look  away,  or  if  iir  doubt,  let}  the  doctor  take  over. 

A  fainting  episode  is  unusual  (easily  less  than  17*)  and  if  the  signs  are 
mentioned  here,  cur  caution  may  prevent  it  from  ever  happening. 

CONTAGIOUS  DISEASE,  BLOOD  GASES,  AND  THE  TECHNICIAN 

Because  of  the  contagious  nature  of  certain  diseases,  precautions  must 
be  exercised  when  taking:  and  testing  the  blood  of  a  patient  whose  diagnosis 
included  anthrax,  burns  infected  with  Staphylococcus  aureus,  diptheria,  ec2ema, 
rabies,  rubella,  congenital  rubella  syndrome,  smallpox,  staphylococcal  entero- 
colitis, staphylococcal  pneumonia,  vaccinia,  hepatitis,  melioidosis,  plague, 
or  neonatal  vesicular  disease. 

/In  the  case^of  the  technician  having  to  draw  arterial  blood  from  a 
patient  with  any  of  these  diseases  the  following  precautions  shpuld  be  taken: 

1)  Us£  only  disposable  items  including  a  plastic  syringe:  ^ 

2)  Enter  the  room  with  a  heparanised  syringe,  needle,  alcohol  prep, 
4x4  gauze  pad,  a  syringe  cap,  and  a  "Baggie11.    Wear  gloves. 

3)  Obtain  the  blood,  remove  the  needle,  cap  the  syringe.    Put  the  ^ 
syringe  in  the  baggie  and  seal  it. 

4)  Put  all  otl\er  items  in  a  Receptacle  in  the  room;  remove  only  the 
"Baggied"  syringe.      ,  6 

5)  Have  an  assistant  stationed  at  the  door  with  an  open  Baggie;  drop ^ 
your  package  into  his  Baggie  and  have  the  assistant  seal  it.  (This 
is  called  the  Double-bag  method  of  sealing  contaminated  articles.) 

6)  Remove  your  gloves  and  discard  appropriately.    Return  to  lab. 

Testing  the  blood  also  requires  certain  precautions^ These  will  depend 
on  the  equipment  used  in  your  lab.    General  points>£o  consider,  however,  are: 

*  1)    Wear  gloves  to  test  the  bliod.  ^ 
2)    Double-bag  the  plastic  syringe,  cap,  4  x  4,s,  baggies,  and  gloves. 
1      Seal  and  label  as  CONTAMINATED  to  ready  it  for  incineration. 

This  type  of  situation  may  arise  only  rarely  but  when  it  does,  this  infor- 
mation will  be  /ery  important  and  should  be  followed  closely.    The  lines\  of 
the  blood-gas  machine  will  be  contaminated  and  copious  amounts  of  proper  clean- 
ing agent  should  be  flushed  through.    Again,  your  particular  machine  will  deter- 
mine the  steps  you  take  .to  clean  it  after  your  analysis. 

WHAT  If  YOU  MISS?  ^  x 

It  happens,    k  well-muscled  person  will  give  you  a  diffuse  pulse  reading. 
A  mobile  artery  may  react  to  downward  needle  pressure  by  moving  extensively. 
An  irritable  artery  may  go  into  spasm  (contract).    Blood  pressure  may  sud- 
denly fall  in  the  acutely  ill.    Whatever  the  reason,  whatever  the  experience, 
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there  are  occasional  failures, 
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Afte^  two  skin  punctures,  a  third  is  prohabl^not  advisable.  It  is  time 
to  consult  with  the  doctor  who  ordered  the  test,  who  in  turn  may  postpone  it, 
try  the  same  ait as  himself,  or  out  of  necessity,  do  a  femoral  puncture. 

SPECIALIZED  PROCEDURES  ' 

Newborns,  infanta  and  pediatric  cases  require  mare  knowledge 9  patience 
and  specialized  equipment  than  adult  puncture  cases.    In  addition,  many  blood 
samples  required  serially  over  a  short  peridd  of  time  are  usually  taken  after 
the  insertion  of  a  long-dwell  needle.    A  short  word  about  each  situation  is 
in  order  at  this  point, 

NEWBORNS .    If  distress  at  birth  is  noted,  and  blood  samples  will  be  considered 
likely,  the  umbilical  artery  will  be  kept  open  for  several  days  by  cannula 
allowing  small  samples  of  blood  to  be  taken  periodically. 

INFANTS.    After  closure  of  the  umbilical  artery,6 the  sampling  of  arterial 
blood  in  the^newborn^or  infant  or  young  child  is  difficult.    A  technique 
frequently  resorted  to,  though  never  as  reliable  as  a  trite  arterial  sample, 
is  the  "arterialization"  of  capillary  blood  with  an  accompanying  heel  stick, 
the  blood  being  drawn  into  fine  capillary  tubes  containing  from  75  -  120 
microliters.    The  foot  is  first  warmed  (40°  C)  by  wrapping  it  in  wetted  towels 
for.  at  least  five  minutes.    This  increases  the  blood  flow  through  the  extre- 
mity capillary  bed,  the  hope  being  that  increased  flow  will  allow  a  greater 
amount  of  arterial  blood  into  the  area. 

PEDIATRIC  PATIENTS.    Aging  brings  on  a  toughening  and  thickening  of  the  der- 
mal layers  of  the  foot.    Puncture  Is  now  nearly  impossible.    It  is  a  very 
skilled  technician  who  can  consistently  draw  arterial  blood  from  a  child 
without  local  anesthesia.    At  our  institution, -physicians  draw  blood  from 
these  patients  because  of  the  usual  need  for  anesthesia  at  the  puncture  site. 

LONG- DWELL  SAMPLEsC   A  hypothetical,  though  realistic  situation  might  be  the 
doctor's  order  that  a  resting  sample  of  blood  be  taken,  another  under  £ tress 
(exercise)  and  another  "after  a  patient  has  breathed  100%  O2.    It  is  especially 
important  that  blood  be  taken  as  soon  after  exercise  as  possible  (while  still 
under  stress).    There  is  no  time  to  puncture  in  the  usual  way.    The  doctor 
will  thread  a  special  needle  (length  about  2%M)  into  the  artery  and  secure 
it.    A  local  anesthetic  is  used  to  infiltrate  the  tissues  before  insertion. 
Then  at  any  time  during  the  procedures,  a  syringe  can  be  attached  to  the  can- 
nula and  a  sample  drawn. 

TEMPERATURE 

Usually  blood  is  analysed  at  37°  C,  the  temperature  of  the  patient  from 
whom  the  blood  came.     If,  however,  the  patient  is  in  a  febrile  or  hypother- 
mic state,  some  interesting  results  come  to  light.    An  example  first:  ^ 

At  our  analysis  temperature  of  37°  C: 

P02    a    80  PC02    53    40  A        pH    =  7.40 

(all  normal  values) 
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becomes  under  hypothermia,  (open  heart  surgery,  perhaps),  30°  C: 

P02    *.^4  PCOj   -    30  pH    -  7.504, 

The  apprently  normal  has  become  in  actuality  moderately  alkalotic  with 
adder ate  hypoxemia. 


Before  we  go  on  to  make  an  observation  locate  the*  point  for  the  hypothala- 
mic patient's  pH  and  PG02  on  th%  Blood  Gas  Interpretation  Chart.  Classify 
the  patient  before  reading  farther.* 


As  the  temperature  rises  pH  falls  and  conversely.    As  the  temperature 
rises  POg  and  PCO2  rise  and  conversely.  ^ 

Always  nota^the  condition  of  the  patient  when  you  draw  blood  or  receive 
it  from  the  wards.    Whether  you  correct  foi  temperature  changes  in  your  lab 
is  a  decision  tk  be  made  by  your  director.    It  is  worth  doing  if  requested. 
Always  record  the  amount  of  oxygen  being  given  the  patient,  if  any. 

*  A  fairly  complete  assessment  would  include:  There  is  moderate  hypoxemia. 
Mild  hypocapn^a,  moderate  alkalosis  .  .  .  compatible  with  acute  hyperventi- 
lation, v*** 
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